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AN AUSCULTATORY TECHNIQUE FOR MEASURING THE 
DIGITAL BLOOD PRESSURE! 


P. GASKELL AND A. M. KRISMAN 


Abstract 


The digital systolic and diastolic blood pressures in human subjects were 
estimated by means of an auscultatory technique similar to the clinical ausculta- 
tory method of measuring brachial blood pressure. The stethoscope was 
modified by substituting a digital plethysmograph (into which the finger was 
sealed) for the usual diaphragm. Korotkoff sounds were heard through the 
stethoscope as a pneumatic cuff around the base of the finger was deflated 
from a suprasystolic level. In comparison of this method with the plethysmo- 
graphic method of measuring digital systolic pressure and with a method 
involving direct observation of resumption of blood flow in capillary loops of the 
nailfold as an end point when a cuff on the finger was deflated from a supra- 
systolic level, it was found that the first sound is as reliable an index of systolic 
pressure as those used in the other methods, 


Introduction 


A method of measuring the digital blood pressure was required for use in the 
study of the critical closing pressure of vessels of the finger. Older techniques 
in the literature are often suitable for measuring systolic pressure only (1, 2, 3, 
4, 5, 6) and others (7, 2) may require more elaborate apparatus than is neces- 
sary for the method described below. It has been found that the usual 
clinical method of estimating the brachial blood pressure can be applied to the 
finger. Estimation of both the systolic and diastolic pressure, as indicated 
by the Korotkoff sounds, can easily be made. A method based upon direct 
auscultation of the Korotkoff sounds from the digital vessels, using a stetho- 
scope with modified diaphragm, has been mentioned by Mendlowitz (8), but 
the information given is meager. 


Methods 


Figure 1 indicates the arrangement of the simple apparatus required for 
estimating the digital blood pressure. This consists of a digital plethysmo- 
graph (of metal, plastic, or glass) which is substituted in a stethoscope for the 
usual bell or diaphragm, a pneumatic finger cuff in which the pressure is 
controlled by a blood pressure hand bulb, a mercury manometer to indicate 
the pressure in the finger cuff, and an empty 500-ml. bottle interposed between 


'1Manuscript received January 23, 1958. 
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the hand bulb and finger cuff to increase the volume of the system and to 
make adjustment of the pressure in the cuff smoother. The finger cuff is 
made from Penrose drainage tubing of appropriate diameter or from dental 
dam rubber sheeting and backed by ordinary surgical adhesive tape after the 
manner described by Burton (9). 


mh. 


Fic. 1. Arrangement of apparatus for measuring the digital blood pressure. 


























To measure the blood pressure, the plethysmograph is sealed over the 
distal phalanges of the finger by means of waterproof plastic adhesive tape 
(1-in. Elastoplast) which encircles, without tension, the proximal edge of the 
plethysmograph and adjoining finger. The pneumatic cuff is wrapped around 
the proximal part of the finger and inflated to a suprasystolic pressure. The 
pressure is slowly reduced again as one listens with the stethoscope for the 
usual Korotkoff sounds. The systolic pressure is taken as the pressure in the 
cuff when the first regular sound is heard with each pulse beat. The diastolic 
pressure can be read at the point of muffling of the sounds or, alternatively, 
at the point of disappearance of the sounds, as desired. The sounds are 
usually easily heard and no further amplification is required but, occasionally 
if a subject is chilled and the hands are cold, the sounds may not be heard. 

The digital systolic blood pressures measured by the auscultatory technique 
were compared with the values obtained by a plethysmographic technique 
described by Doupe, Newman, and Wilkins (2). In the latter method the 
volume changes in a finger enclosed in a plethysmograph are recorded by a 
photokymograph system as the pressure in a pneumatic cuff around the base 
of the finger is reduced from a suprasystolic level. Systolic pressure is the 
cuff pressure which first allows an increase in volume of the finger as the cuff 
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pressure is reduced (Fig. 2). The comparison between the two methods was 
made by connecting a plethysmograph on the finger to both a stethoscope 
and a tambour carrying a mirror. The mirror reflected a light beam onto the 
photokymograph paper and recorded the lowest trace in Fig. 2. Another 
tambour, mirror, and light beam recorded the fall of pressure within the 
finger cuff (diagonal trace Fig. 2). The actual pressure within the finger cuff 
was read from the mercury manometer and a signal line of the photokymo- 
graph record was interrupted at intervals of 10 mm. Hg pressure. As these 
traces were being recorded, the observer, who was listening with the stetho- 
scope (made air-tight at the ears with vaseline, if necessary), interrupted the 
signal line several times in quick succession when he heard the first sound 
corresponding to systolic pressure. The auscultatory and plethysmographic 
systolic blood pressure were thus determined simultaneously. 


A A PREM 
FIRST SOUND | | 


| 
SIGNAL | 










CUFF PRESSURE | | | 


SECONDS | 


PLETHYSMOGRAPH ’ 


CUFF PRESSURE 110 MM. HG 100 
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Fic. 2. Simultaneous determination of the digital systolic blood pressure by the 
auscultatory and plethysmographic technique. 


The validity of the auscultatory systolic end point was tested in a second 
way. The nailfold area of the finger was prepared for direct microscopic 
examination of the nailfold capillaries by sealing a small cover slip over the 
area with dental sticky wax and filling the space between the cover slip and 
nailfold with glycerol. Then the finger was sealed into a plethysmograph 
made of transparent plastic and arrangements completed for measuring the 
auscultatory systolic pressure and for observing the flow of blood in the 
nailfold capillaries through the high power of a dissecting microscope. The 
systolic blood pressure was estimated by the auscultatory technique. 
Following this the finger cuff was inflated again to a suprasystolic pressure, 
thus stopping blood flow in the finger. Then the capillary loops of the 
nailfold were examined through the microscope as the pressure in the finger 
cuff was slowly reduced. The systolic pressure by this method was taken as 
the pressure in the finger cuff at which blood flow in the capillary loops was 
resumed. 

In all experiments the subjects were comfortably clothed at ordinary room 
temperature and supine with the arm and hand supported at heart level. 
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Results 


Auscultatory Digital Blood Pressure Measured with Finger Cuffs of Different 
Widths 

The width of the cuff applied to the finger influences the values obtained 
for the blood pressure. If the cuff is too narrow, the cuff pressure will not be 
transmitted through the full thickness of soft tissue, and values which are too 
high will be obtained. The digital blood pressure was estimated in each of 
five subjects six times with each of five different widths. The cuffs were 
3, 3, 12, 14, and 12 in. wide. In each subject three estimations of blood 
pressure were made during one application of a cuff; then the next cuff in the 
sequence was used until each cuff had been applied twice during the experi- 
ment. In the first subject the sequence of cuffs was from narrowest to widest. 
In succeeding subjects the sequence was in the same order but began with the 
cuff next wider than the first cuff used on the preceding subject. 

The 3-in. cuff gave values for both systolic and diastolic blood pressure 
which were much higher than those obtained with wider cuffs (Fig. 3). There 
was no significant difference between the diastolic values (with either muffling 
or disappearance of sound as end point) obtained with the ? in. and all wider 
cuffs. There was no significant difference between the means of systolic 
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Fic. 3. The influence on the estimated blood pressure of the width of the pneumatic 
cuff used in the auscultatory method of measuring the digital blood pressure. ‘The top of 
each segment of each bar represents the mean of six estimations. 
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pressure estimated with the 14- and 13-in. cuffs. The mean difference was 
0.2 mm. Hg witha S.E.M. of +3.4mm. Hg (p = > 0.5). However, the mean 
difference between measurements made with the 1}- and 13-in. cuffs was 5.8 
mm. Hg with a S.E.M. of +1.8 mm. Hg (p = < 0.05). The results suggest 
that the pressure required in the 14- and 13-in. cuffs to occlude the digital 
artery will be close to the arterial pressure and that it is unlikely that the 
pressure required in a 1}-in. cuff will be more than a few millimeters Hg 
higher than with a wider cuff. In the experiments described below a cuff 
1} in. wide was used. 


Comparison of Auscultatory and Plethysmographic Digital Systolic Blood 
Pressures 

The simultaneous determination of the systolic pressure by these two 
methods was made three or four times on each of four subjects. Two of the 
subjects were comfortably warm during the estimations, but the other two 
were kept very cool for 30 minutes before and throughout the experiment. 
In none of the estimations was the difference between the auscultatory 
systolic pressure and the corresponding plethysmographic systolic pressure 
greater than 3 mm. of Hg (Fig. 2). 
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Fic. 4. Comparison of the digital systolic blood pressures estimated by the ausculta- 
tory and by the visual methods. 
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Comparison of Auscultatory and Visual Digital Systolic Blood Pressures 

Comparisons were made two to six times on 16 occasions involving 13 
subjects, including two patients with high blood pressure. In Fig. 4 the mean 
auscultatory systolic pressure in each experiment is plotted against the 
corresponding visual systolic pressure. The mean difference between the 
auscultatory and visual systolic pressures was only 0.19 mm. Hg, S.E.M. 
+0.78 mm. Hg. 


Discussion 


The results presented suggest that the digital systolic and diastolic blood 
pressures can be estimated by a simple auscultatory technique. There was 
little difference between the digital systolic pressures estimated by the use of 
the auscultatory, plethysmographic, or visual systolic end point. This 
shows that the first Korotkoff sound is as reliable an end point for systolic 
pressure as either of the other two. 

Although the method of measuring the digital blood pressure presented 
here is simple, its use should be governed by the following considerations: 
It has been pointed out previously (2) that the digital blood pressure is 
influenced to a much greater extent than is the brachial or more central 
blood pressure by reflexes subserving body-temperature regulation. It was 
suggested that the digital blood pressure should not be taken, without due 
caution, as representing the central blood pressure nor be relied upon to 
indicate reliably even the direction of change of the central blood pressure (2). 
By the same token it may be said that the digital blood pressure, rather than 
central blood pressure, should be measured where knowledge of the blood 
pressure is required in studies of the circulation in the digits. 


Acknowledgments 


This investigation was carried out while Dr. Gaskell was a Fellow of the 
Canadian Life Insurance Officers Association. The work was supported by 
grants from the National Research Council. We wish to thank Mrs. E. 
Thomas, R.N., for technical assistance. 


References 


. Conn, A. E. and LunpsGAarpD, C. J. Exptl. Med. 27, 487 (1918). 

. DoureE, J., NEwMAN, H. W., and Witktns, R. W. J. Physiol. 95, 244 (1939). 

. MENDLowi17Tz, M. Clin. Sci. 3, 387 (1937-38). 

. OPPENHEIMER, E. T. and PRINZMETAL, M. A.M.A. Arch. Interna! Med. 60, 772 (1937). 
. WEAVER, J. C. and Bour, D. F. Am. Heart J. 39, 413 (1950). 

. WisHart, G. M. Clin. Sci. 1, 159 (1933). 

. Brecut, K. and Boucke, H. Klin. Wochschr. 32, 76 (1954). 

. MENDLow1Tz, M. The digital circulation. Grune & Stratton, Inc., New York. 1954. 
. Burton, A.C. Am. J. Physiol. 127, 437 (1939). 


CONAN WH 





889 


THE BRACHIAL TO DIGITAL BLOOD PRESSURE GRADIENT 
IN NORMAL SUBJECTS AND IN PATIENTS WITH 
HIGH BLOOD PRESSURE! 


P. GASKELL AND A. M. KRISMAN 


Abstract 


The brachial and digital blood pressures were estimated by auscultatory 
techniques in 10 patients with essential hypertension and in a group of 6 subjects 
with normal blood pressure who were in a state of regulated peripheral vaso- 
constriction and again when they were in a state of regulated vasodilatation. 
The brachial to digital systolic and diastolic pressure gradients in both control 
subjects and hypertensive patients were greater when the individuals were 
heated than when they were cooled. The brachial to digital diastolic pressure 
gradient in the hypertensive patients was not significantly different from that in 
the subjects with normal blood pressure. However, the systolic pressure 
gradient was greater in the hypertensive patients than in the control group both 
when the individuals were heated and when they were cooled. 


Introduction 


The recent development of a simple auscultatory technique for measuring 
the digital systolic and diastolic pressures (1) has made possible a comparison 
of the brachial and digital blood pressures when the pressures at both sites are 
estimated by the same technique. 


Method 


The brachial blood pressure was measured by the clinical auscultatory 
technique. The method for estimating the digital blood pressure was essenti- 
ally the same (1). The distal portion of the finger was sealed into a digital 
plethysmograph, and the plethysmograph was connected to a stethoscope by 
removing the bell or diaphragm of the stethoscope and substituting the plethys- 
mograph in its place. A pneumatic cuff 1} in. wide was wrapped around the 
base of the finger and, when the pressure in the cuff was slowly reduced from a 
level above systolic pressure, the Korotkoff sounds could be heard through the 
stethoscope. The disappearance of sound was taken as the end point for the 
diastolic pressure in both brachial and digital blood pressure estimations. 
The subjects were supine with the arm and hand supported at heart level. 

It has been reported (2) that the brachial to digital systolic pressure gradi- 
ent was greatly influenced by the peripheral vasomotor state. Therefore, 
blood pressures were estimated when the subjects were in a state of regulated 
vasodilatation and also when they were in a state of regulated vasoconstric- 
tion. The peripheral vasodilatation was obtained by heating and vasocon- 
striction by cooling the subject. The degree of heating and cooling was 
governed by the skin temperature of the digits next to the finger in which the 
blood pressure was being measured, and the heating or cooling was adjusted 


Manuscript received January 23, 1958. 


Contribution from the Department of Physiology and Medical Research, University of 
Manitoba, Winnipeg, Manitoba. 


Can. J. Biochem. Physiol. 36 (1958) 















890 CANADIAN JOURNAL OF BIOCHEMISTRY AND PHYSIOLOGY. VOL. 36, 1958 


so that the temperature of the finger tips was 2° to 4° C. below body tempera- 
ture when the subject was heated, or within 2° C. of room temperature when 
he was cooled. Heating was carried out by covering the subject with an 
electric blanket and immersing the free arm in a hot water bath (43—45° C.). 
Cooling was procured by removing most of the clothing and immersing the 
free arm in a cold water bath (18-19° C.). The room temperature was 20° to 
a 4.. 
Results 


The brachial and digital blood pressures were measured four to six times in 
each of 10 patients believed to have essential hypertension and in 6 subjects 
of a comparable age group with normal blood pressure, both when they were 
cooled and when they were heated. None of the patients had congestive 
heart failure. Patient M.F. was receiving digitalis and a sedative. Patients 
J.S., C.C., and A.L. were receiving hypotensive drugs; patients N.B., E.D., 
and E.L. were receiving no drugs; and the remainder sedatives only. The 
means of the estimations and the brachial to digital pressure gradients are 
presented in Tables I and II together with other relevant-data. Table I 
gives the systolic pressures and Table II the diastolic pressures. 

In the subjects with normal blood pressures the brachial to digital systolic 
and diastolic pressure gradients were small when the subjects were cooled. 
The mean of the systolic pressure gradients was 4.8 + S.E. 0.6 mm. Hg and of 
the diastolic pressure gradients 2.5 + S.E. 0.34 mm. Hg. However, heating 


TABLE I 


THE BRACHIAL AND DIGITAL SYSTOLIC BLOOD PRESSURE IN PATIENTS WITH HIGH BLOOD PRESSURE 
AND IN NORMAL SUBJECTS WHEN THEY WERE COOLED AND WHEN THEY WERE HEATED 








Systolic pressure (mm. Hg) 








Subject cooled Subject heated 
Height, Weight, 
Subject Age Sex in. Ib. Brachial Digital Gradient Brachial Digital Gradient 





Subjects with normal blood pressure 


J.H. 38 M 66 165 114 111 3 112 90 22 
S.U. 47 M _ 156 110 105 5 106 92 14 
F.H. 54 M _ _ 124 120 a 122 103 19 
E.T. 37 F 63 150 123 116 7 123 104 19 
J.M. 44 F 61 148 107 101 6 102 86 16 
M.F. 51 F 66.5 151 117 113 q 105 84 21 
Mean 45.2 115.8 110.0 4.8 111.7 93.2 18.5 
S.E. +0.6 +1.2 
Patients with high blood pressure 

pe 39 M _ _ 200 192 8 198 168 30 
N.B. 44 M _ 192 200 198 2 202 195 a 
E.D. 45 M 66 183 166 156 10 167 140 27 
ELL. 47 M 68 202 166 148 18 160 137 23 
j.S. 48 M 68 144 212 197 15 199 168 31 
H.B. 41 F 65 115 227 207 20 207 158 49 
AL. $1 F 63 122 221 203 18 216 181 35 
M.F. 55 F 65 180 218 198 20 217 181 36 
S.B. 62 F 62 126 240 214 26 212 183 29 
cc. 65 F 64 140 215 197 18 200 149 51 
Mean 49.7 206.5 191.0 15.5 197.8 166.0 31.8 
S.E. +2.2 
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the subjects to bring about peripheral vasodilatation increased both systolic 
and diastolic pressure gradients so that the mean of the systolic pressure 
gradients for the normal subjects became 18.5 + S.E. 1.2 mm. Hg and that of 
the diastolic gradients became 12.1 + S.E. 1.4 mm. Hg. 

The brachial to digital diastolic pressure gradient in most of the hyper- 
tensive patients was about the same as in the normal subjects, both when 
they were cooled and when they were heated. The means of the diastolic 
pressure gradients in the patients of 6.6 + S.E. 1.5 mm. Hg and 15.8 + S.E. 
2.8 mm. Hg when they were cooled and heated, respectively, were not signifi- 
cantly different from the corresponding gradients in the normal subjects 
(p > 0.05). 

The brachial to digital systolic pressure gradient, however, was signifi- 
cantly greater in the patients with high blood pressure than in the normal 
subjects whether the individuals were cooled (p < 0.01) or heated (p < 0.05). 
The mean of the systolic pressure gradients in the group of hypertensive 
patients was 15.5 + S.E. 2.2 mm. Hg when they were cooled and 31.8 + 3.9 
mm. Hg when they were heated. 


TABLE II 
THE BRACHIAL AND DIGITAL DIASTOLIC BLOOD PRESSURE IN PATIENTS WITH 


HIGH BLOOD PRESSURE AND IN NORMAL SUBJECTS WHEN THEY WERE 
COOLED AND WHEN THEY WERE HEATED 








Diastolic pressure (mm. Hg) 





Subject cooled Subject heated 





Subject Brachial Digital Gradient Brachial Digital Gradient 





Subjects with normal blood pressure 


J.H. 71 69 2 69 59 10 
S.U. 74 71 3 71 64 7 
F.H. 80 78 2 79 63 16 
eT. 83 81 2 78 63 15 
J.M. 68 66 2 65 54 11 
M.F. 83 79 4 67 53 14 
Mean 76.5 74.0 ye ua 59.3 12.1 
S.E. +0.34 +1.4 
Patients with high blood pressure 
1E 115 113 2 113 90 23 
N.B. 124 121 3 122 120 2 
E.D. 112 106 6 116 90 26 
E.L. 111 98 13 113 81 32 
i 105 102 3 102 92 10 
H.B. 122 118 4 121 107 14 
A.L. 130 124 6 129 111 18 
M.F. 91 88 3 90 80 10 
S.B. 135 120 15 120 110 10 
et a 107 96 11 100 87 13 
Mean 115.2 108 .6 6.6 112.6 96.8 15.8 
S.E. 41.5 +2.8 
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Discussion 


Although the series of normal subjects presented in this paper is small and 
the age range narrow, the values obtained for the brachial to digital systolic 
pressure gradient when the subjects were heated and cooled were similar to 
those found by Doupe, Newman, and Wilkins (2) and confirm their observa- 
tion that the gradient is small when the subjects are cooled but is much 
increased when they are heated. They used a plethysmographic method to 
measure the digital systolic pressure and found the brachial to digital pressure 
gradient to be 20 to 30 mm. Hg when the subjects were hot but small when 
they were cold. Mendlowitz (3) also measured the systolic blood pressure 
gradient in heated subjects and obtained values of 14 to 40 mm. Hg with a 
mean of 25 mm. Hg. He employed Gartner’s method of measuring the 
digital systolic pressure in which the systolic pressure was taken as the pressure 
in a pneumatic capsule or cuff encircling the base of the finger when the first 
flush was seen in the previously blanched distal part of the finger as the pressure 
in the capsule was reduced from a suprasystolic level. Other authors have 
measured the digital systolic pressure by this method and have reported 
brachial to digital systolic pressure gradients of 5 to 30 mm. Hg, mean 20 mm. 
Hg (4); 14 to 50 mm. Hg, mean 29 mm. Hg (5); 5 to 31 mm. Hg, mean 19 mm. 
Hg (6). Wishart (7) found a gradient of 20 to 30 mm. Hg when he measured 
both brachial and digital systolic pressures by an oscillometric technique. 

It is obvious from Table II that the peripheral vasomotor state affects the 
diastolic as well as the systolic pressure gradient. The values given here for 
the diastolic gradient when the subject is heated are on the average lower 
than those obtained by Mendlowitz (3). His index of the digital diastolic 
pressure was the pressure in a Gartner’s capsule when the throbbing sensation 
in the finger disappeared as the pressure in the capsule was gradually reduced 
from a high level. He reported values for the diastolic gradient of the order 
of 20 to 40 mm. Hg in heated subjects. Wishart (7) employed an oscillometric 
technique to measure the digital diastolic pressure and in six subjects found 
the brachial to digital diastolic pressure gradient to range from 16 to 42 mm. 
Hg. The different methods used to estimate the digital diastolic pressure 
are probably responsible for at least part of the discrepancies. 

The brachial to digital pressure gradient in patients with essential hyper- 
tension was found to be within the normal range by previous workers (3, 5) 
except in those patients with malignant hypertension in whom it was 
decreased. None of the patients investigated in this study had malignant 
hypertension. Their brachial to digital diastolic pressure gradients were, 
in most cases, about the same as in the normal subjects but the systolic 
pressure gradients were considerably higher in nearly all the patients. Possibly 
a more easily detected end point for the digital systolic pressure than that 
used by previous authors allowed a more exact determination of the systolic 
pressure gradient and recognition of the higher gradient in hypertensive 
patients. 
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It is not clear what causes the increased brachial to digital systolic pressure 
gradient in hypertensive patients in the presence of a diastolic gradient which 
is similar to that found in the control subjects. Abramson and Fierst (8) 
found that the resting rate of blood flow through the forearm and calf was 
somewhat higher than in normal subjects. But the rate of flow through the 
hand was shown to be the same in patients with persistent hypertension as in 
normal subjects under similar circumstances (9, 10). Pickering (11), there- 
fore, suggests that the muscles, e.g. of the forearm, may get more than their 
normal share of blood in the hypertensive patients. If this were true, one 
might expect a greater drop in pressure from brachial to digital artery in 
these patients than in normal subjects: However, there would be an increased 
gradient in the diastolic as well as systolic pressure gradient and, therefore, 
this factor probably does not account for the observation reported here. 

The arm girth might be considered as a possible factor in the increased 
brachial to digital systolic gradient in hypertensive patients if it happened 
that the patients were more obese than the control subjects (12, 13, 14). 
Unfortunately the arm girth was not measured but the figures given for the 
heights and weights of the individuals in Table I suggest that this was not 
the responsible factor. ' 

The increased brachial to digital systolic pressure gradient in hypertensive 
patients may be associated with changes in the wave form at the two sites as a 
result of the increased arterial pressure or alterations in the vessel wall. We 
have no evidence concerning this possibility. 
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PLANT STEROLS, DEGREE OF UNSATURATION, AND 
HYPOCHOLESTEROLEMIC ACTION OF CERTAIN FATS! 


J. M. R. BEVERIDGE, W. ForD CONNELL, G. A. MAYER, AND H. L. Haust 
With the assistance of MARY WHITE 


Abstract 


Dietary experiments in which food was supplied in the form of a homogeneous 
liquid formula ration of definitely known composition have been performed on 
171 subjects (159 men and 12 women, university students). 

During an initial period of 8 days all subjects ate the same ration and then 
groups of 8 to 12 individuals were given rations varying in respect of the fat 
moiety for a further 8 days. Plasma cholesterol analyses were performed at 
day 0, 4, 8, 12, and 16. 

The results obtained were interpreted as indicating that: firstly, there is no 
simple relationship between the hypocholesterolemic effect of an oil and degree 
of unsaturation; secondly, sitosterol or something closely associated with this 
sterol in the unsaponifiable matter accounts for a large part of the hypochol- 
esterolemic activity of corn oil; and thirdly, certain fatty acids of short chain 
length or some other substance in butterfat and coconut oil have a hyperchol- 
esterolemic effect. 


Between 1952-54 Kinsell et al. (1, 2), Groen et al. (3), Ahrens et al. (4), 
and we (5), utilizing different dietary regimens, reported that the substitution 
of certain types of vegetable fat for animal fat caused a decrease in plasma 
lipids. This result could have been due to one or both of the following 
possibilities: 

(1) the presence of a factor in certain fats, mostly of vegetable origin, 
that actively depresses plasma cholesterol levels; or 

(2) the presence of a factor in certain fats, mostly of animal origin, that 
brings about an increase in plasma cholesterol levels. 

In 1955 we reported (6, 7) that whereas subjects transferred from a fat- 
free formula diet to one supplying 60% of calories in the form of butterfat 
showed a highly significant increase in plasma cholesterol, those transferred 
from a fat-free ration to one providing 60% of calories as corn oil showed a 
highly significant decrease. This result indicated that the last of the three 
possibilities outlined best described the situation. 

Kinsell et al. (9), Bronte-Stewart et al. (10), Ahrens et al. (11), and Anderson 
et al. (34) have obtained evidence which has led them to conclude that the 
hypocholesterolemic effect of certain fats is due to the presence of fatty acids 
having a relatively high degree of unsaturation. The possibility that the 
short chain fatty acids played some role in accounting for the hyperchol- 
esterolemic effect of butterfat received some support from the results of an 
experiment we reported in 1956 (12, 13), in which it was noted that the most 
volatile fraction of butter oil obtained by a process of distillation in high 
vacuum* was most effective in causing an increase in plasma cholesterol 


1Manuscript received February 11, 1958. 


Contribution from the Departments of Biochemistry and Medicine, Faculty of Medicine, 
Queen’s University, Kingston, Ontario. 


*This distillation was carried out by the Distillation Products Industries Limited of 
Rochester, New York. 


Can. J. Biochem, Physiol. 36 (1958) 














896 CANADIAN JOURNAL OF BIOCHEMISTRY AND PHYSIOLOGY. VOL. 36, 1958 


levels. This fraction was characterized by a relatively high concentration 
of triglycerides having fatty acids of short chain length and also a high con- 
centration of unsaponifiable material. Further work concerning the hyper- 
cholesterolemic factor in butterfat will be reported in the near future. 

Of the substances in the unsaponifiable matter in corn oil, the sitosterols 
and tocopherols stand out since they are present in relatively large amounts. 
However, we showed that the addition of up to 200 mg alpha-tocopherol per 
950 cal of a formula ration, in which 60% of calories were supplied in the 
form of butterfat, had no effect whatsoever on plasma cholesterol levels (13). 

Following Peterson’s (14) initial report in 1951 of the hypocholesterolemic 
effect of sitosterol in chicks and the subsequent confirmation of this action 
by Pollak (15) in man, interest was aroused in the possibility that this plant 
sterol might be a clinically useful agent for lowering plasma cholesterol levels. 
Indeed most investigators who have tested the effect of mixed plant sterols 
or of beta-sitosterol have found that significant decreases occurred in most 
normo- and hyper-cholesterolemic subjects (16-22). Some workers (32), 
however, despite the use of up to 40 g of plant sterols per day, were unable 
to demonstrate any consistent effect. Because of the rather large amounts 
of sitosterol that presumably had to be used to obtain the hypocholesterolemic 
response in diets containing the usual variety of foodstuffs and because of 
the inconsistent and occasionally negative results obtained by some workers, 
it did not seem likely that the amount of this substance in corn oil could be 
largely responsible for the hypocholesterolemic effect of this fat especially in 
the “normo”’ cholesterolemic subjects who participated in our experiments. 
However, it was found that the addition of 7 g beta-sitosterol per 950 cal 
of formula ration effected a highly significant and consistent drop in plasma 
cholesterol levels in young male subjects (13). It was suggested at the time 
that the extent and consistency of the drop was probably due to the uniform 
distribution. of the plant sterol throughout the formula diet—a mode of 
administration which is to be contrasted with that usually followed in clinical 
trials of giving the material in three doses per day usually at meal times. 
Although this amount of sterol was about ten times that in a ration supplying 
60% of calories from corn oil, nonetheless the result obtained prompted us to 
carry out a series of experiments designed to assess further the importance 
of the sitosterol in corn oil in accounting for the hypocholesterolemic effect 
of this fat. Some of the work reported here was presented in abbreviated 
form elsewhere (23, 24, 25). 


Experimental 


The methods used in preparing and storing the diets, together with the 
experimental design and analytical techniques, have been described in previous 
publications (7, 13, 26). In brief summary, the dietary ingredients were 
mixed together with water and the mixture was thoroughly homogenized. 
The only other items permitted were water, clear tea, and clear coffee. Out 
of a total of 2540 man-days, there were seven instances in which deviations 
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from this regimen were reported and in all except two of these cases, both 
of which were unavoidable, the deviations were minor. These will be specified 
in the description of the experiment in which they occurred. A small number 
of subjects were unable to stay on the diet and dropped out for various reasons 
—illness, malaise, and inability to adjust to the dietary regimen. Only a 
few individuals gained or lost more than 2 or 3 lb. during the experimental 
period and the overwhelming majority were highly successful in keeping 
their body weight essentially constant. The average change in weight be- 
tween day 8 and day 16 was —0.9 lb. Blood samples were taken from the 
subjects in the fasting state between 7.00 and 8.30 A.M. and plasma choles- 
terol was determined by a modification of the Schoenheimer—Sperry technique 
(27). 

The overwhelming majority of the subjects were young male medical 
students. There were a few graduates, a few Arts and Science students, and 
a member of faculty. A number of female students volunteered for experi- 
ments II and III and they were placed as a group on one of the experimental 
diets to determine whether their response paralleled that of the male subjects. 


TABLE I 


COMPOSITION OF BASAL DIET FOR EXPERIMENT I.* AMOUNTS REQUIRED TO MAKE 
A 950-CALORIE SAMPLE 











Ingredient Amount, g Protein, g Fat, g CHO, g 
Lesofact 60 30 0.6 23.5 
Starlac 28.1 10 0.1 14.6 
Dextrimaltose 143.5 —_ _ 140.7 
Sucrose a7 2 —_ — 17.1 
Total — 40.0 0.7 195.9 
Calories 949.9 160.0 6.3 783 .6 
% Calories — 16.9 0.7 82.4 





*Two grams iodized salt were added per 950-cal batch. A mixture of be og ex was also added to supply the 
following amounts of these substances per 950 cal: thiamine, 0.6 mg; riboflavin, 0.6 mg; niacin, 5.0 mg; pyridoxine, 
5.0 mg; calcium pantothenate, 5.0 mg; ascorbic acid, 25 mg. In the case of any diet that did not contain butterfat 
1700 I1.U. of vitamin A was added per 950-cal portion. ‘ 

TA protein preparation derived from milk. 


Experiment I 


Fifty-seven healthy male subjects ingested, for 8 days, a “‘fat-free’’ diet 
whose composition is shown in Table I. The subjects were then divided 
into six groups of which one was continued for a further 8 days on the fat-free 
diet and the others were transferred to diets modified in the following manner 
by the substitution of fat for equicaloric amounts of carbohydrate. 

No. 1: 60% of calories in the form of corn oil. 

No. 2: an amount of sitosterol equivalent to that supplied by the corn oil?* 
in diet No. 1 was added to the fat-free diet. The amount of the commercial 
sitosterol preparation* required was 0.741 g/950 calories. 
2The sitosterol content of the corn oil was found to be 0.99% as determined using the 


Lieberman-Burchard reaction, the color being read at 50 minutes. 


’The preparation used was one supplied by courtesy of Eli Lilly Company and by our 
analysis contained 86% beta-sitosterol. 
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No. 3: 30% of calories in the form of butterfat. 

No. 4: 30% of calories in the form of butterfat plus 30% of calories 
from corn oil. 

No. 5: 30% of calories in the form of butterfat plus the amount of 
sitosterol supplied by the corn oil in diet No. 4. 


Fifty subjects completed the experiment, these being distributed equally 
amongst the groups; there were nine in groups 4 and 5 and eight in each 
of the others. 


Results and Discussion‘ 


The results from those on the fat-free’ diet throughout and on rations 
No. 1 and No. 2 will be considered as a unit. The average plasma cholesterol 
levels are shown in Fig. 1 and the means of the differences between days 8 and 
16, standard errors of the differences, ¢ and P values are shown in Table II. 
In the case of the subjects transferred from the fat-free diet to rations No. 
1 and No. 2, there occurred further decreases in plasma cholesterol amounting 
to 18.6% and 9.3% of the values noted at day 8. Both these falls were 
highly significant, the P value in both cases being less than 0.01. This 
circumstance provides good evidence for the belief that a large part of the 
hypocholesterolemic effect of corn oil is due to the action of the plant 
sterols contained therein. 


The results from those transferred to diets No. 3, 4, and 5 are shown in 
Fig. 2 and Table II. The introduction of butterfat with or without corn 
oil or sitosterol caused an increase in plasma cholesterol levels in every case. 
However, only the increase in group 3 which received the butterfat alone 
was statistically significant (P = <0.01). The P values for groups 4 and 5 
were 0.2 and 0.3 respectively. Since the increase in plasma cholesterol level 
observed in group 3 was significant whereas the increases in the case of groups 


‘The only dietary deviation noted occurred on the seventh day in the case of one of the 
subjects maintained on the fat-free diet. Three or four ounces of rye whiskey were taken. 
The results from this individual were similar to those of the rest of the group and consequently 
they were not discarded. 

5The case of one of the subjects who remained on the fat-free diet throughout deserves 
comment. This individual developed an acute pain in the right lower quadrant of his abdomen 
on the evening of the last day of the experiment and the attending physician made a provi- 
sional diagnosis of acute appendicitis. The student felt well enough to come in the next 
morning for the final blood-letting but later that day his physician decided to have him ad- 
mitted to hospital and an appendectomy was performed the same day. The pathologist's 
report indicated that the appendix was acutely infected. The plasma cholesterol level of 
this subject, ‘‘A”, was widely aberrant from the rest of the group on the final day of the 
experiment, increasing from 118.8 mg/100 ml on day 12 to 172.4 mg/100 ml on day 16. Since 
this circumstance coincided with the acute attack of appendicitis, it is logical to assume that 
this condition was responsible. For this reason ‘‘A’”’ ’s results were not included in the averages 
shown in Figs. 1 and 2. However, this episode does bring up the question of the effect of 
various types of clinical infections. References (28, 29) have been made to the effect of 
infections on plasma cholesterol levels and in most instances plasma cholesterol has been 
recorded as being higher during the convalescent stage. However, the factors of inanition, 
change of diet, and medication have complicated the interpretation. In the present instance, 
“A” was on a diet of constant composition, and intake was maintained at the usual level 
until the time of blood-letting. 
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Fic. 1. Average plasma cholesterol values for three groups each of eight subjects 
all of whom were on a homogeneous formula ration essentially free from fat for the 
initial 8-day period. During the last 8 days, one group (FF) was continued on the fat- 
free diet, another (1) was transferred to a diet providing 60% of calories from corn oil, 
and the other was given the fat-free diet plus an amount of sitosterol equivalent to that 
supplied by corn oil in(1). The values of one of the subjects (A) on the fat-free diet were 
not included in the averaged results. (cf. foot-note No. 5 in text.) 


4 and 5 were not, it seems reasonable to conclude that this result was probably 
due to the hypocholesterolemic effect of the corn oil and sitosterol additions. 

Although the results from groups 3, 4, and 5 may be of doubtful significance 
in assessing the extent to which sitosterol accounts for the hypocholesterolemic 
action of corn oil, those from groups 1, 2, and 3 indicate that sitosterol or 
something associated with this substance in the unsaponifiable matter can 
account in large part for this property. It was felt that further work was 
required to delineate clearly the extent or magnitude of this role. 


Experiment II 


Fifty-two healthy subjects, 45 men and 7 women from the same population 
as described for experiment I, consumed for 8 days a homogenized formula 
ration similar to that shown in Table I except that 35% of calories were 
supplied in the form of butterfat and 25% of calories from corn oil in place 
of an equicaloric amount of carbohydrate. The subjects were then divided 
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Fic. 2. Average plasma cholesterol values for four groups each of eight or nine 


subjects all of whom were on a homogeneous formula ration essentially free from fat 
for the initial 8-day period. During the last 8 days, one group (FF) was continued on 
the fat-free diet, and the others were transferred to the modifications indicated on the 


graph. 
TABLE II 


THE EFFECTS ON PLASMA CHOLESTEROL LEVELS OF SUPPLEMENTING* A FAT-FREE RATION 











WITH CORN OIL, SITOSTEROL, AND BUTTERFAT WITH AND WITHOUT SITOSTEROL 
Mean difference 
between day 8 Standard 
and day 16 error of 
No. of (mg cholesterol the 
Diet subjects _ per 100 ml) difference t ag 
Fat-free 8t — 7.0 8.7 0.805 0.4-0.5 
No. 1 Corn oil: 60% of calories 8 —24.0 4.6 5.2174 <0.01 
No. 2 Sitosterol = to that in corn 
oil of No.1 8 —12.9 3.2 4.0313 <0.01 
No. 3 Butterfat: 30% of calories 8t +20.0 4.7 4.255 <0.01 
No. 4 Butterfat: 30% of calories 
plus corn oil: 30% of 
calories 9 + 6.5 4.8 1.3542 0.2 
No. 5 Butterfat: 30% of calories 
plus sitosterol = to that 
in corn oil of No. 4 9 + 8.0 7.05 1.1348 0.3 





*All subjects ate the fat-free basal ration until day 8 at which time the supplements were added to the diet. 

tThe values for one subject were aberrant from the rest of the group and were discarded because he developed 
acute appendicitis on the last day of the experimental period (see footnote No. 5 in text). 

t¢The values for one subject were widely aberrant from the rest of the group and were discarded. He showed 
a decrease of 27.2 mg cholesterol/100 m1 whereas the average change for the rest of the group, all of whom showed 


increases, was +20.0 mg/100 ml. 


This subject fasted from about 10.00 A.M 


. of the last day of the experimental 


period until the sample of blood was taken to terminate the experiment the following morning. When his results 


were included the P value was 0.05-0.1. 
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into four groups and continued for 7 days on the following experimental 
rations: 

Group No. 1 was continued on the diet just described. 

Group No. 2 was given a ration similar to No. 1 except that the corn oil 
component was replaced by the amount of sitosterol supplied by this fat* 
and carbohydrate was increased in an equicaloric manner. The commercial 
sitosterol preparation was dissolved in 2 g of warm corn oil per 950-cal 
batch. Taking into account the small quantity of sitosterol supplied by 
the corn oil used as a solvent, 0.281 g sterol was required. In addition 
to the appropriate complement of male students, the seven female students 
were also added to this group. 

Group No. 3 was given a diet similar to No. 1 except that the refined corn 
oil was replaced by an equicaloric amount of a corn oil residue from a high 
vacuum distillation carried out by the Distillation Products Industries of 
Rochester, New York. This sample contained 0.18% sitosterol and 0.61% 
unsaponifiable material which may be contrasted with the figures of 1.09% 
and 1.28% respectively for the refined oil from which this fraction was 
obtained. 


Group No. 4 was given the same diet as No. 3 except that sufficient 
sitosterol was added to bring the level of this substance up to the same 
concentration present in No. 1. 


Results and Discussion‘® 


Although it is usual for about 5—-10% of the volunteers to drop out because 
of various reasons, for the first time no one withdrew from the experiment. 
Parenthetically, it might be added that this was also the first time that any 
members of the ‘“‘weaker sex”’ had participated in this work. 

The results are shown in Fig. 3 and Table III. There are no significant 
differences between the values at day 8 and 15 nor are there any significant 
differences between any of the groups. The percentage changes were as 
follows: No. 1, —4.7; No. 2, —2.0; No. 3, —4.1; No. 4, —2.1. A slight 
increase averaging 2.9% occurred in the case of the group of women on diet 
No. 2 but this was by no means significant (P = 0.3-—0.4). This result was 
also not significantly different from that obtained for the male members of 
this group. Certainly a comparison of the data from groups No. 1 and 
No. 2 would lead one to the conclusion that sitosterol accounted for all or a 

*The sitosterol content of this sample of corn oil was 0.99%. 

®On the seventh day of the dietary period one subject broke a clavicle and suffered a 
concussion in a skiing accident. He was admitted to hospital and he later found that when 
he was still under the effects of the concussion he had been given a meal consisting of a bowl 
of cream of wheat with milk, one egg, 14 slices of buttered bread, and one glass of milk. The 
student asked to be allowed to continue and he was allowed to do so. One of the female 
subjects consumed five cartons of diet No. 1 instead of diet No. 2. Still another subject 
drank 2 oz. sherry and another a half glass of ginger ale. No discernible effects of the first 


two deviations, which might be termed major, were observed. This is not too surprising 
since there were no differences observed between any of the groups. 
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Fic. 3. Average values for plasma cholesterol of 45 young men and 7 young women 
during a period of 8 days on a homogeneous formula diet in which 35% of the total cal- 
ories were supplied in the form of butterfat and 25% as corn oil and during a subsequent 
similar period in which the subjects were divided into four groups and placed on diets 
modified as indicated on the graph. 


THE EFFECTS ON PLASMA CHOLESTEROL LEVELS OF ALTERING* THE CORN OIL AND 
SITOSTEROL CONTENT OF A DIET PROVIDING 35% OF CALORIES FROM BUTTERFAT 
AND 25% FROM CORN OIL 














Mean difference 


between day 8 Standard 













and day 15 error of 
No. of (mg cholesterol the 
Diett subjects _ per 100 ml) difference t P 

No. 1 Corn oil: 25% of calories 12 — 8.5 6.2 lave 0.1-0.2 
No. 2 Sitosterol = to that in corn 

oil of No. 1 (males) 12 — 7.4 : 1.028 0.3 
No. 2 Sitosterol = to that in corn 

oil of No. 1 (females) 7 + 4.6 4.4 1.045 0.3-0.4 
No. 3 Corn oil residue:t 25% of 

calories 10 — 7.5 4.4 1.705 0.1-0.2 
No. 4 Corn oil residue: 25% of 

calories plus sufficient 

sitosterol to raise level 

to that in No. 1 11 — 4.6 6.1 0.754 0.4-0.5 









Industries of Rochester, New York. 


vacuum the more volatile components of corn oil. 





*All subjects ate the basal ration until day 8 at which time groups were given modified diets as shown in the 


able. 
tAll diets provided 35% of calories in the form of butterfat. 
tA fraction low in sitosterol (0.18%) and unsaponifiable matter (0.61%) obtained by distilling off in a high 
This material was kindly supplied by the Distillation Products 
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major part of the hypocholesterolemic effect of corn oil since there is no 
difference between the response to the diet containing this fat and the ration 
in which it had been replaced by the sitosterol it supplied. 

If, as part of our work indicates, sitosterol accounts for much of the hypo- 
cholesterolemic effect of corn oil and other similar oils, it would have been 
reasonable to expect some difference between the responses obtained with 
diets No. 3 and No. 1, and No. 3 and No. 4, since diet No. 3 contained only 
about one-sixth the amount of sitosterol and one-half the amount of unsa- 
ponifiable matter in the other two rations. 

The results expressed in terms of milligrams cholesterol per 100 ml plasma 
do agree with the thesis to which reference has just been made but we have 
always maintained that the results in terms of percentage change should 
receive most emphasis. The suggestion might be made that these results 
indicate that sitosterol and unsaponifiable matter are not concerned with 
the hypocholesterolemic effect of fats and that this is due to degree of unsat- 
uration. Although this proposition would serve to explain the apparent lack 
of difference in the results when expressed in terms of percentage change from 
day 8 to 15 between diets No. 3 and No. 1, and No. 3 and No. 4, it would 
leave unanswered the lack of difference between diets No. 1 and No. 2, and 
No. 2 and No. 4. Other considerations might be mentioned. For example, 
the form of combination of sitosterol may greatly affect its action; the potent 
hypocholesterolemic agent may not be sitosterol, but some other unknown 
constituent presumably of the unsaponifiable matter. In this connection it 
should be noted that the oil fraction in ration No. 3 contained quite a large 
amount of unsaponifiable matter (0.61%). Finally, it may take less of a 
hypocholesterolemic factor to maintain a low level of cholesterol than to 
depress an already high lipid level. The preceding diet had depressed mark- 
edly the plasma cholesterol level and there may have been sufficient sitosterol 
or other hypocholesterolemic factor present even in the case of diet No. 3 to 
prevent a return to previous levels. 

Further information on this problem is given in the experiment described 
below. 


Experiment III 


Sixty-two subjects, 57 men and 5.women, from the same population as 
described for experiment I, all of whom were normal except for one male 
who was a diabetic, consumed for 8 days a homogenized formula ration 
whose composition is shown in Table II. It may be noted that butterfat 
provided 35% of the total calories and that this dietary component was 
retained throughout the experimental period. The subjects were divided 
into six groups and transferred to diets in which the fat component was 
supplemented at the expense of carbohydrate as indicated below: 

No. 1: 25% of calories were given in the form of corn oil thus making 
the fat component 60% of calories. 
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No. 2: the amount of sitosterol supplied by the corn oil’ in ration No. 1 
was added as a supplement to the basal diet. The sterol preparation was 
dissolved in 2 g warm corn oil per 950-cal batch, the total commercial 
sitosterol supplement including the small quantity in the corn oil amounted 
to 0.334 g. 

No. 3: 25% of calories were added in the form of hydrogenated corn oil. 
This oil was hydrogenated by the Procter and Gamble Co. of Hamilton, 
Ontario, and was part of a sample donated for this experiment by the Corn 
Products Refining Co. of Argo, Illinois, U.S.A. The analytical data 
supplied by the Procter and Gamble Co. on this sample was as follows: 
saturated fatty acids, 21.7%; oleic acid, 73.5%; diene fatty acids, 0.38%; 
triene fatty acids, nil; tetraene fatty acids, nil; trans double bonds, 46.2%, 
and cis double bonds, 53.8%. It was found in our laboratory to contain 
0.95% sitosterol. 

No. 4: 25% of calories were added in the form of hydrogenated corn oil 
plus an amount of sitosterol equal to that provided by the unhydrogenated 
corn oil in diet No. 1. 

No. 5: 25% of calories were added in the form of coconut oil (sitosterol 
content = 0.12%). 

No. 6: 25% of calories were added in the form of coconut oil plus suffi- 
cient sitosterol to bring the level of this plant sterol up to that provided 
by the corn oil in diet No. 1. 

All of the women were placed on diet No. 1 in addition to the usual comple- 
ment of men. Sixty of the subjects were able to complete the experiment. 


Results and Discussion® 


During the first 8 days when all subjects were on the diet providing 35% 
of calories from butterfat, the responses were naturally variable depending 
upon what level of plasma cholesterol had obtained on the preceding uncon- 
trolled free choice mixed diet. The average of the individual percentage 
changes for the 60 subjects who completed the experiment between day 0 
and day 8 was only —1.6%. The average results of the six groups for the 
entire experimental period and the average of the individual percentage 
changes from day 8 to day 16 are shown in Figs. 4 and 5 respectively, and the 
means of the differences between days 8 and 16, standard errors of the differ- 
ence, and ¢ and P values are shown in Table IV. 

The addition of corn oil to the ration (No. 1) led to a decrease of 11.0% 
(P = 0.02 — 0.05) but in the case of group No. 2 the supplementation with 
the same amount of sitosterol as supplied by the corn oil in No. 1 led to a fall 
that was just as large (11.8%, P = 0.01-0.02). The results for the four 

7The sitosterol content was found to be 1.09%. 

8Only two deviations occurred. On the 12th day of the experiment one subject drank 
1 oz. rye whiskey, and another had a small amount of ice cream by mistake. The subjects 


were allowed to continue and their results, both of which fell within the pattern of their group, 
were included in the averages reported in the paper. 
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Fic. 4. Average values for plasma cholesterol for 55 young male subjects during an 
initial period of 8 days on a homogeneous formula ration in which butterfat supplied 
35% of total calories. During the last 8 days the subjects were divided into six groups 
and placed on the diets indicated on the graph. 


women subjects who completed the experiment were similar to the male 
subjects on diet No. 1, the average percentage decrease amounting to 12.6. 
It seems apparent therefore that the effects of dietary changes on plasma 
cholesterol levels are not masked by the variations found by Oliver and Boyd 
(35) and Okey and Boyden (36) to be associated with the menstrual cycle. 


In the case of group No. 3, which had been given a diet supplemented 
with 25% of calories from corn oil hydrogenated to an iodine value of 69 
and a melting point of 41-42° C, the decrease (13.7%, P = <0.01) was fully 
as great as observed in group No. 1 receiving the unhydrogenated corn oil. 
This response was surprising in the light of the reports by other workers to 
the effect that hydrogenation decreased the power of an oil to depress plasma 
cholesterol levels. That this result was by no means a statistical oddity is 
demonstrated by an examination of the data from group No. 4, which was 
given the same diet but with the addition of an amount of sitosterol equivalent 
to that provided by the corn oil in diet No. 1. In this case the average per- 
centage decrease was 17.6 and the P value was <0.01. These results cer- 
tainly do not provide any support for the thesis that essential fatty acids or 
polyunsaturated acids are responsible for the hypocholesterolemic activity 
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Fic. 5. Averages of the individual percentage changes in plasma cholesterol noted 
between day 8 and 16 for groups of 8 to 10 each of young male subjects following an 
initial period of 8 days providing 35% of calories in the form of butterfat. During the 
last 8 days the groups were placed on the dietary modifications as indicated on the graph. 
(The results for a group of five female subjects are given in the text and in Table IV.) 


of oils and demonstrate further that there is no apparent simple relationship 
between degree of unsaturation and hypocholesterolemic activity of oils. 
They also provide excellent evidence for the belief that plant sterols or factors 
associated with them are at least in part responsible for the hypocholesterol- 
emic activity of these fats. 

Coconut oil is well known to contain a relatively large percentage of short 
chain fatty acid residues similar to those occurring in butterfat which, on the 
basis of some of our feeding experiments with butter oil fractions, were sus- 
pected to be partly responsible for the hypercholesterolemic effect of butter 
(13). Coconut oil also contains a relatively low level of plant sterol. Both 
of these circumstances would lead one to expect that this oil would lead to 
higher plasma cholesterol levels than an equicaloric amount of corn oil. 
Coconut oil differs, too, in that it has an exceedingly low level of the polyun- 
saturated fatty acids, a feature, however, that would not appear to be of 
much importance in determining the hypocholesterolemic activity in the 
light of the results of this experiment. The diet supplemented with coconut 
oil led to a slight increase of 6.8% which was not, however, significant (P = 
0.4 -— 0.5). The supplementation of the coconut oil with sufficient sitosterol 
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TABLE IV 


THE EFFECTS ON PLASMA CHOLESTEROL LEVELS OF SUPPLEMENTING* A DIET PROVIDING 
35% OF CALORIES AS BUTTERFAT WITH HYDROGENATED AND NON-HYDROGENATED 
CORN OIL, COCONUT OIL, AND SITOSTEROL 











Mean difference 
between day 8 Standard 








and day 16 error of 
No. of (mg cholesterol the 
Diet subjects _ per 100 ml) difference t ag 

No. 1 Corn oil: 25% of calories 

(males) 9 —18.3 7.0 2.614 0.02-0.05 
No. 1 Corn oil: 25% of calories 

(females) 5 —23.4 Pe 3.205 0.02-0.05 
No. 2 Sitosterol = to that in corn 

oil of No. 1 10 —21.2 7.0 3.029 0.01-0.02 
No. 3 Hydrogenated corn oil: 

25% of calories 10 —22.7 6.2 3.6613 <0.01 
No. 4 Hydrogenated corn oil: 

25% of calories plus 

sitosterol = to that in 

corn oil of No. 1 8 —27.7 3.23 5.431 <0.01 
No. 5 Coconut oil: 25% of : 

calories 9 + 9.2 9.3 0.989 0.4-0.5 
No. 6 Coconut oil: 25% of cal- 

ories plus sufficient sito- 

sterol to raise level to 

that in No. 1 9 + 2.2 5.8 0.379 >0.5 





*All subjects ate the basal ration until day 8 at which time the supplements were added to the diet. 


to bring the level of this sterol up to that supplied by the corn oil in diet 
No. 1 led to a response that was far removed from that observed in the case 
of hydrogenated or refined corn oil. In view of the absence of any difference 
in the hypocholesterolemic effect of hydrogenated and refined corn oil, the 
lack of unsaturated fatty acids would not appear to be the explanation for 
the response to diets containing coconut oil. It is suggested that the high 
concentration of certain short chain fatty acid residues or some other factor 
in this fat is responsible for the difference observed. 


General Discussion 


In the light of the presumed implications of this type of work in the treat- 
ment and prevention of atherosclerosis, it is not too surprising that most 
emphasis has been placed on the hypocholesterolemic effect of certain fats. 
Since the early reports by Kinsell et al. (1, 2), Ahrens et al. (4), and ourselves 
(5) dealt with animal fats that were both hypercholesterolemic and relatively 
saturated and vegetable oils that were hypocholesterolemic and relatively 
unsaturated, it was natural that a relationship between degree of unsaturation 
and hypocholesterolemic activity should have been considered as a likely 
explanation for this circumstance. In 1955 Kinsell and Michaels (30) re- 
ported that the feeding of isocaloric amounts of various vegetable fats resulted 
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in decreases of plasma cholesterol proportional to the unsaturated fatty acid 
content of the fat; more recently (31) they reported that the addition of 
purified ethy] linoleate, trilinolein, or a phosphatide of animal origin contain- 
ing 12.5% of a tetraenoic acid led to significant decreases in plasma cholesterol 
in the case of a normal male subject and in patients with various disturbances 
in lipid metabolism. Ethyl oleate and triolein, however, did not produce 
the same response. Horlick and Craig (8) followed plasma lipid changes 
in four individuals who were placed on a mixed diet of natural foodstuffs 
very low in fat. Ethyl linoleate, ethyl stearate, or corn oil was then added 
in increasing amounts to the rations and over the next 3 weeks no change was 
observed in the case of those fed ethyl linoleate or corn oil but there appeared 
to be a sustained fall in the case of ethyl stearate. Although only one subject 
was used, the response to the ingestion of ethyl stearate is difficult to reconcile 
with the thesis that degree of unsaturation of a fat determines its effect on 
plasma cholesterol levels. 


Ahrens and his colleagues (11) have reported data on three subjects in which 
the effect of hydrogenated corn oil or cottonseed oil has been tested. In one 
patient the plasma cholesterol was lowered from 243—246 mg to 119 mg/100 
ml by a formula diet containing corn oil but the hydrogenated preparation 
of iodine value 80 had just as great a hypocholesterolemic effect. In a hyper- 
cholesterolemic patient who had a plasma cholesterol of 347 mg/100 ml, 
hydrogenated corn oil preparations of iodine values 58 and 80 led to values of 
298 and 273 respectively and the original corn oil, which had an iodine value 
of 126, led to a level of 200 mg. In another similar patient (331-358 mg 
cholesterol/100 ml) a hydrogenated cottonseed oil of iodine value 68 caused 
a decrease to 217 mg/100 ml whereas the native oil, of iodine value 106, 
depressed the plasma cholesterol to 177 mg/100 ml. It may be of some im- 
portance to note that of these three subjects the one that showed just as great 
a fall in plasma cholesterol with hydrogenated corn oil as with the native oil 
had a much lower plasma cholesterol on the ad libitum diet than did the other 
two who could certainly be classed as hypercholesterolemics. It might well 
be that hypercholesterolemic subjects, who presumably have a defect in lipid 
metabolism, would respond differently to the introduction of a hydrogenated 
oil than would the normocholesterolemic subjects who participated in our 
experiments. Again, an examination of Fig. 7 of their paper shows that 
lards of widely differing iodine values, between 95 and 52, and linoleic acid 
contents, 30.5 and 1.8%, had similar effects on plasma cholesterol levels. 


In passing it may be worthwhile to note that those vegetable oils with high 
unsaponifiable content also possess the greatest activity and although Ahrens 
et al. (11) conclude that their data favor the unsaturation hypothesis, they 
point out that their results ‘‘do not rule out the possibility that the factors 
sought may lie in the non-glyceride portion of the fed fats’’. 


Perhaps the most impressive evidence for the thesis that degree of unsat- 
uration may be correlated with the hypocholesterolemic effect of fats is that 
published by Malmros and Wigand (33) obtained from an experiment on 12 
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healthy volunteers using hydrogenated and non-hydrogenated whale oil. 
They noted that following transfer from a diet of a variety of foodstuffs in 
which coconut oil supplied 40% of calories to one containing non-hydrogenated 
whale oil ‘‘the serum cholesterol tended to decrease’. The fall, which from 
their graph appears to be about 40 mg cholesterol per 100 ml serum, is almost 
undoubtedly a highly significant change although no statement on this pro- 
bability is given. The authors noted that the non-hydrogenated whale oil 
became rancid almost as soon as the package was opened and had a disagree- 
able smell. Three of their subjects had to withdraw and of these, two had 
diarrhea. The volunteers who completed the regimen certainly deserve 
commendation but one might speculate on the suitability of such a diet to 
throw further light on the problem under investigation. On transfer of 12 
volunteers from a diet containing coconut oil to one containing hydrogenated 
whale oil, there was no tendency for a drop in cholesterol to occur. This 
result is to be contrasted to that obtained by Ahrens et al. (11) on three sub- 
jects in whom corn oil hydrogenated to iodine values of 80 and 58 led to 
highly significant decreases and to those reported in this paper in which 
theré was observed a big difference in the effect of coconut oil on the one 
hand and hydrogenated corn oil (iodine value 69) on the other. 

It is important to realize that the magnitude of the active hypocholesterol- 
emic effect of corn oil and other similar oils is the additional decrease in 
plasma cholesterol that results when the fat is added to a fat-free diet. The 
consumption of a fat-free diet by a group of young normal men leads within 
8 days to an average decrease in plasma cholesterol of a little over 20% from 
the value obtained on the previous ad libitum uncontrolled diet. No addi- 
tional decrease occurs over the next 8 days on a fat-free ration. In one of 
our previously published experiments (7), the substitution of 20% of calories 
in the form of corn oil for an equicaloric amount of carbohydrate in a fat-free 
basal ration did not lead to a significant further decrease in the case of a group 
of eight young men; however, when 60% of calories were given in the form 
of corn oil a further highly significant depression (15.2%) occurred. This 
phenomenon has been confirmed in the present work and again in more recent 
experiments that will be published in the near future. Ahrens ef al. (11) have 
obtained similar results in long-term carefully controlled studies on patients 
in a metabolic ward. To the best of our knowledge these comprise the only 
published reports demonstrating that an oil can depress the concentration 
of plasma cholesterol when added to a fat-free diet and in both these investi- 
gations corn oil was used. Although a large variety of oils, including the 
hydrogenated corn oil used by us in the present work, have been shown to 
lower plasma cholesterol levels when added to a diet containing a hyperchol- 
esterolemic fat, it remains to be seen which of these exert a significant hypo- 
cholesterolemic action when added to a ration free from fat. 

The use of formula diets has been criticized on the grounds that this type 
of ration is unnatural and synthetic. These rations are quite similar to the 
type of diet ingested by an infant. All the products, with the exception of 
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the vitamin supplements, are derived from natural foodstuffs. The over- 
whelming bulk of well-controlled nutritional experiments on animals have 
depended upon the use of homogeneous formula diets of definitely known 
composition. This circumstance has been widely recognized as an essential 
feature for practically all well-planned investigations. Surely a similar 
degree of control in human experiments designed to yield valid basic infor- 
mation is no less desirable. The formula diet used by us may be unusual 
but certainly is neither unnatural nor synthetic. Our prime aim has been 
to obtain authentic fundamental data in the belief that any broad-scale 
practical applications must wait upon the attainment of this goal. 

It might be well at this time to reiterate and extend a thesis that our group 
has presented several times at scientific meetings over the past few years 
and which first appeared in 1956 (7). This is to the effect that there are at 
least two factors in dietary fat that affect plasma cholesterol levels. One 
of these is present in certain fats mostly of animal origin and acts to elevate 
plasma cholesterol concentrations. This may be due to the presence of fatty 
acids of short chain length, and it may be noted that these are saturated. 
The presence of cholesterol may augment the hypercholesterolemic activity 
of such fats. The other factor is present in certain fats mostly of vegetable 
origin and acts to depress plasma cholesterol levels. There can be no doubt 
that in the case of corn oil at least, plant sterols such as sitosterol, or some 
other substance associated with it in the unsaponifiable matter, account for 
much of this activity. Certainly on a weight or a molecular basis plant 
sterols are by far the most potent hypocholesterolemic substances known to 
be in corn oil and other similar oils. There is no simple relationship between 
degree of saturation and the ability of a fat to depress plasma cholesterol 
levels, a statement that is amply borne out by the data reported in this paper. 
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MESENTERIC NEUTRAL FAT IN OBESE RATS! 
ELpon M. Boyp AND ELEANOR M. CRANDELL 


Abstract 


The relationship of increasing obesity to storage of neutral fat in the mesentery 
was investigated in 48 albino rats. Calculated as grams per 100 g nonlipid dry 
weight, levels of mesenteric neutral fat were positively correlated with levels of 
mesenteric free cholesterol, phospholipid, and water, the correlation coefficient 
for water being higher in male than in female rats. These results suggest that 
storage of neutral fat is an active physiologic function of mesentery. On the 
other hand, the relative amount of body neutral fat which is stored in the 
mesentery became less as the animals became more obese. This indicates that 
in obese rats, some tissue other than mesentery is storing neutral fat at a rate 
greater than occurs in the mesenteric fat depots. 


Introduction 


During the past 4 years, studies have been in progress in the Department of 
Pharmacology at Queen’s University upon the storage of neutral fat in fat 
depots of albino rats. These studies have been directed toward investigation 
of the concept that storage of fat in adipose tissues is an active, rather than a 
passive, process (3). If storage of increasing amounts of neutral fat is due to 
increasing physiological activity of adipose tissue, one might expect to find 
increasing levels or concentrations of phospholipid and free cholesterol at the 
same time. 

Levels of phospholipid and cholesterol are very low in adipose tissue when 
the results are expressed as g per 100 g dry weight. This would suggest 
that adipose tissue is physiologically inactive or relatively inactive. When 
calculated as g per 100 g nonlipid dry weight, levels of phospholipid and 
cholesterol in the perirenal (3) and genital (4) fat depots are of the same order 
as those found in tissues such as skeletal muscle. This in turn indicates that 
adipose tissue may not be as physiologically inactive as has been considered 
the case. 


The storage of increasing levels of neutral fat in the perirenal fat depots 
has been found to be associated with the presence of increasing levels of 
cholesterol, cholesterol esters, and water per unit nonlipid dry weight (3). 
Levels of phospholipid were not significantly correlated with levels of neutral 
fat (3). 

In the genital fat depots, on the other hand, no significant correlation could 
be found between levels of phospholipid, free cholesterol, and cholesterol 
ester, and levels of neutral fat (4). An exception was in male albino rats in 
which the level of free cholesterol did increase with increase in the level of 
neutral fat (4). 


1Manuscript received March 3, 1958. 
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Method 


The work was performed upon the mesenteries of 48 albino rats, 8 to 12 
months of age. The animals were originally of a Wistar strain which has 
been inbred in the animal quarters of this department since 1937. They were 
fed Purina fox chow checkers and water ad libitum. There were 26 males and 
22 females of the same mean age. Body weight of the males averaged (+S.D.) 
389+54 g and of the females 268+24 g. They were sacrificed by cervical 
fracture after an overnight fast. The mesentery was dissected and weighed 
and aliquots removed for measurement of water and lipid content. The 
contents of the gastrointestinal tract were removed. The entire carcass was 
then homogenized and aliquots were analyzed for water and lipids. Water 
content was determined by drying to constant weight at 95°C in a Fisher 
forced-draft isotemp oven. Lipids were measured oxidatively by techniques 
previously noted (3). Lipid and water levels were calculated as g per 100 g 
nonlipid dry weight. Statistical methods used were those of Croxton (6). 


Results 


Data upon the weight of mesentery are assembled in Table I. The mes- 
entery comprised about 1% of body weight, the proportion being higher in 
females. 

Calculated as g per unit nonlipid dry weight, the water content of mesentery 
averaged 2 to 3 times that of the perirenal and genital fat depots (3, 4), and 
about two-thirds that of tissues such as thymus gland, lymph nodes, salivary 
glands, diaphragm (2), and kidney (5). As shown in Table I, water levels 
averaged the same in mesenteries of male and female albino rats. 

As in the perirenal and genital fat depots (3, 4), all but 1 or 2% of the 
total lipid in mesentery was neutral fat. Calculated as g per 100 g nonlipid 


TABLE I 


THE WEIGHT, WATER, AND LIPIDS OF MESENTERY IN ALBINO RATS 











Males Females 
N=26 N=22 
Measurement (mean +S.E.) (mean +S.E.) P§ 

Wet weight* 3.85 + 0.2 4.38 + 0.27 0.2 
Wet weightt 0.981+ 0.072 1.603+ 0.084 <0.001 
Dry weightt 0.679+ 0.073 1.149+ 0.103 <0.001 
Nonlipid dry weightt 0.289+ 0.059 0.396+ 0.060 0.2 
Watert 241 +41 223 +57 0.8 
Total lipidt 306 +56 350 +80 0.7 
Neutral fatt 301 +56 343 +78 0.4 
Total fatty acidst 290 +54 275 +65 0.7 
Total cholesterolf 0.842+ 0.145 1.175+ 0.275 0.3 
Ester cholesterolf 0.177+ 0.093 0.137+ 0.277 0.9 
Free cholesterol{ 0.665+ 0.095 1.038+ 0.270 0.2 
Phospholipidt 3.95 + 0.56 5.40 + 0.91 0.2 





*Expressed as g. 

tCalculated as g per 100 g body weight. 

tCalculated as g per 100 g nonlipid dry weight of mesentery. 

§Probability (P) that the differences between measurements in males and those in females equalled zero. 
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dry weight, however, levels of cholesterol, cholesterol esters, and phospholipid 
were of the order of those found in organs such as thymus gland, lymph nodes, 
salivary glands, diaphragm (2), and skeletal muscle (1). Lipid levels in 
males were similar to those in females (Table I). 

The neutral fat content of the mesentery was compared with the neutral 
fat content of the total body and the results are summarized in Table II. 
Mesenteric neutral fat made up some 5 to 10% of the neutral fat of the entire 
body, the proportion being greater in females. As the neutral fat content 
of the whole body of rats increased, the proportion stored in the mesentery 
did not significantly change in female rats and actually declined in male rats. 
The correlation coefficient was significantly lower in males than in females. 

As indicated by data given in Table III, increasing levels of mesenteric 
neutral fat were accompanied by increasing levels of water, per unit nonlipid 
dry weight. Levels of water increased to a greater extent in male than in 
female rats. The level of mesenteric free cholesterol increased with increasing 
concentration of neutral fat. At the same time there was no significant shift 
in the levels of ester cholesterol and phospholipid when correlation coefficients 
were calculated separately in males and in females. 


TABLE II 


MESENTERIC NEUTRAL FAT EXPRESSED AS A PERCENTAGE 
OF TOTAL BODY NEUTRAL FAT 








Calculation Males Females Pt 





Mean +S.E. 6.02 +0.58 8.43+0.60 0.005 
Regression line equation 
+standard deviation 


(SY.2)° Ye=(105 —4.90X) +30 Ye=(77.4+2.00X) +28 
Correlation coefficient (r)* —0.447 +0.196 <0.001 
P (r equals zero) 0.02 0.4 








*Calculated from analysis of scatterplot data with values for mesenteric neutral fat (expressed as a percentage of 
total body neutral fat) on the abscissa or X axis, and values for total body neutral fat (expressed as g per kg body 
weight) on the ordinate or Y axis). 


tProbability (P) that the differences between measurements in males and those in females equalled zero. 


TABLE III 


COEFFICIENTS OF CORRELATION BETWEEN LEVELS* OF NEUTRAL FAT ON THE ABSCISSA OR 
X AXIS, AND LEVELS* OF CHOLESTEROL, PHOSPHOLIPID, AND WATER 
ON THE ORDINATE OR Y AXIS 














Males Females 
Correlation P(r Correlation P(r 
coefficient equals coefficient equals 
Ordinate (Y) (r) zero) (r) zero) Pt 

Free cholesterol +0.847 <0.001 +0.658 <0.001 0.2 
Ester cholesterol +0.090 0.7 —0.223 0.3 0.3 
Phospholipid +0.365 0.1 +0.374 0.1 0.9 
Water +0.929 <0.001 +0.392 0.05 <0.001 





*Calculated as g per 100 g nonlipid dry weight of mesentery. 


tProbability (P) that the differences between the correlation coefficients in males and those in females equalled 
zero. 








916 CANADIAN JOURNAL OF BIOCHEMISTRY AND PHYSIOLOGY. VOL. 36, 1958 


Since the correlations given in Table III were for the most part the same in 
males and females, the data were treated without regard to sex of the rats and 
the results are summarized in Table IV. Increasing levels of mesenteric neutral 
fat are seen to be positively correlated with levels of free cholesterol, phospho- 
lipid, and water. The correlation coefficient for phospholipid (+0.372) was 
significantly (P =0.05) lower than that for free cholesterol (+0.671). 


TABLE IV 


CORRELATION OF THE LEVELS* OF NEUTRAL FAT (X AXIS), WITH THE LEVELS* OF 
CHOLESTEROL, PHOSPHOLIPID, AND WATER (Y AXIS) IN THE MESENTERY 











Estimating equation Coefficient 
for ordinate (Ye) of correlation P (r 
Ordinate (Y) + standard error (SY.X) (r) equals zero) 
Free cholesterol (0.207+0.00196X) +0.702 +0.671 <0.001 
Ester cholesterol (0.287 —0.000401X) +0.938 —0.137 0.4 
Phospholipid (3.28 +0.00418X) +3.38 +0.372 0.01 
Water (87.5 +0.458X) +186 +0.626 <0.001 





*Calculated as g per 100 g nonlipid dry weight. 


Discussion 


If storage of neutral fat in the fat depots is an active process on the part of 
fat-storing cells, one might expect to find certain measurements common to 
all fat depots, providing the mechanism of fat storage is the same in all fat 
depots. When there is no restriction in food intake, one might anticipate that 
fat-storing cells which take up, synthesize, and store more neutral fat could 
exhibit certain alterations from measurements made upon cells which store 
less neutral fat. If such alterations are common to all fat depots, they could 
be recognized as characteristic of increasing storage of neutral fat. If these 
alterations vary from depot to depot, one is left with two possibilities, either 
(a) that the mechanism of fat storage varies from depot to depot, or (5) factors 
other than, or in addition to, storage of neutral fat are affecting the measure- 
ments. 


Measurements have been made in this Laboratory of the water and lipid 
content per 100 g nonlipid dry weight of three fat depots, the perirenal, 
genital, and mesenteric. An alteration common to all three depots was 
found to be an increase in water levels with increase in neutral fat levels. 
Correlation coefficients between water and neutral fat levels approached unity 
in the perirenal (3) and genital (4) fat depots of male and female rats and in the 
mesentery of male but not of female rats (Table III). Next to water, the 
greatest degree of positive correlation was between levels of free cholesterol 
and levels of neutral fat. The correlation coefficients lay between +0.6 
and +0.9 in the perirenal depots (3) and mesentery of both male and female 
rats and in the genital fat depots of male rats (4). In the genital fat depots of 
female rats, the correlation coefficient was +0.259 with P=0.2 at N=23 (4). 
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TABLE V 


ABSOLUTE AMOUNTS OF THE CONSTITUENTS MEASURED IN THE MESENTERY 
OF ALBINO RATS 








Neutral Cholesterol Free Phospho- Nonlipid 
Measurement fat esters cholesterol lipid Water dry weight 
Absolute amounts in mg: Mean+S.E, 
Males 1490 1.75 3.80 32.8 1160 1100 
+130 +0.84 +0.27 +5.8 +54 +210 
Females 2030 1.97 743 45.3 1210 1060 
+260 +3.59 +1.38 +8.8 +87 +160 


P (difference between 
means equals zero) 0.05 0.9 0.02 0.2 0.6 0.9 


Comparison with absolute amounts of neutral fat (X axis): correlation coefficient 
(P (correlation coefficient equals zero)) 


Males —0.097 +0.521 +0.422 +0.352 +0.152 
(P =0.7) (P=0.005) (P=0.025) (P=0.1) (P=0.5) 

Females +0.300 +0.239 +0.250 —0.079 +0.024 
(P=0.2) (P=0.3) (P=0.25) (P=0.7) (P=0.9) 

Males and Females +0.242 +0.324 +0.335 +0.073 +0.068 


(P=0.1) (P=0.02) (P=0.02) (P=0.6) (P=0.6) 





In general, it would appear that increasing storage of neutral fat in these 
depots is associated with increasing levels of free cholesterol, as well as water, 
per unit nonlipid dry weight of fat depot. 

No consistent correlation was found in these three depots between levels of 
neutral fat and levels of ester cholesterol and phospholipid. Correlation 
coefficients for ester cholesterol and neutral fat were found between +0.593 
(P =0.001) in the perirenal fat depots of female rats (3) and —0.223 (P=0.3, 
Table III) in the mesentery of female rats. Correlation coefficients for phos- 
pholipid and neutral fat occurred between +0.372 (P=0.01, Table IV) in the 
mesentery and +0.003 (P=1.0) in the perirenal fat depots of male rats (3). 

The conclusions reached above were based largely upon values for water and 
lipid levels calculated in terms of grams per unit nonlipid dry weight of tissue. 
Figures obtained by this method of calculation indicate, in essence, ratios of 
weight of water and lipids to weight of proteins. Absolute amounts of the 
various constituents were also calculated and the results are summarized in 
Table V. The mesentery of these animals was composed on the average of 
about 2 mg of cholesterol esters, 4 to 7 mg of free cholesterol, 30 to 50 mg of 
phospholipid, about 1 g each of water and nonlipid dry weight, and 1.5 to 2 g 
of neutral fat. The mesentery of the females contained more free cholesterol 
and possibly more neutral fat than did the mesentery of the males. A cal- 
culation of ratios between the mean absolute amounts given in Table V will 
not necessarily yield figures corresponding to the means of ratios given in 
Table I. Absolute amounts of free cholesterol and phospholipid were posi- 
tively correlated with absolute amounts of neutral fat in the male rats. 
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Absolute amounts of water were not quite significantly correlated with abso- 
lute amounts of neutral fat in male rats. The absolute amount of neutral fat 
in the total body of the males averaged (+S.E.) 29.6+2.7 g and of the females 
26.5+2.4 g. The correlation coefficients between absolute amounts of 
neutral fat in the mesentery (X axis) and absolute amounts of neutral fat in 
the total body were +0.597 in the male rats and +0.474 in the female rats, 
the correlation coefficients being significantly (P<0.05) different from a 
population correlation coefficient of 0.000 and +1.000. 
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DEGRADATION OF DEOXYRIBONUCLEIC ACID BY HOT 
ALKALI 


R. O. Hurst AND A. KuKsIs 


Abstract 


An extensive destruction of deoxyribonucleic acid has been observed during 
prolonged treatment with 1 N sodium hydroxide at 100°C. After 4 hours of hot 
alkaline hydrolysis there was complete destruction of cytosine, only about 50% 
of which could be accounted for by conversion to uracil; adenine was destroyed 
to the extent of 60% without deamination to hypoxanthine, whereas guanine 
and thymine were not affected. The diphenylamine color test for deoxyribose 
showed a decrease of 35% and a similar decrease was obtained with the cysteine — 
sulphuric acid test. A decrease of 26% in the ultraviolet light absorption 
corresponded to the value calculated on the basis of the destruction of the 
purine and pyrimidine bases. 


Introduction 


Previous studies have shown that the conditions required to effect the 
complete conversion of deoxyribonucleic acid (DNA) to products soluble in 
10% trichloroacetic acid by alkaline hydrolysis resulted in an extensive libera- 
tion of ammonia (2). Since subsequent analysis of the purine and pyrimidine 
content of DNA degraded by alkali indicated that only cytosine had been 
deaminated, it was considered that the excess ammonia might have come 
from the destruction of some of the nitrogenous bases. In order to determine 
which bases were involved and to estimate the actual extent of destruction, 
quantitative ion exchange chromatography of the DNA before and after 
alkaline degradation was undertaken. The extent of the destruction of the 
deoxyribose component was also investigated. The results of these studies 
are reported in this paper. 


Materials and Methods 
Deoxyribonucleic Acid 
This was prepared from calf thymus by the method of Marko and Butler (3). 


Alkaline Hydrolysis of Deoxyribonucleic Acid 


The alkaline degradation products of DNA were obtained by heating 0.5% 
solutions of DNA in 1 N sodium hydroxide at 100° C for different periods of 
time. These solutions were then either used directly for the analyses of the 
purine and pyrimidine bases and deoxyribose or the degradation products 
were isolated as described below. The time course of hydrolysis (Fig. 1) 
was followed by removing samples from the digests at suitable intervals of 
time for determination of acid-soluble phosphorus. 


1Manuscript received April 12, 1958. 

Contribution from the Department of Biochemistry, Queen’s University, Kingston, Ontario. 
This work was carried out with the aid of a grant from the National Research Council of 
Canada. The material of this communication is from a thesis presented by A. Kuksis in 
conformity with the requirements for the degree of Doctor of Philosophy, Queen’s University, 
1956. A report of some of the material in this paper was given at the meeting of the Canadian 
Physiological Society, London, Ontario, October 14, 1955 (1). 
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TIME IN HOURS 


Fic. 1. Time course of hydrolysis of deoxyribonucleic acid with sodium hydroxide 
at 100°C. @ Phosphate soluble in trichloroacetic acid reagent; © phosphate 
soluble in uranyl acetate reagent; —————- 1 N sodium hydroxide; ———W— 0.5 
N sodium hydroxide. 


Isolation of the Alkaline Degradation Products 

Attempts to isolate the products formed by the alkaline hydrolysis of 
DNA by precipitation with alcohol led to the formation of an intractable 
precipitate that could not be redissolved in water. The alkaline hydro- 
lyzates were therefore diluted with water to a concentration of 0.1 N alkali, 
placed in a Visking dialysis tubing, and dialyzed against 1 liter of distilled 
water for 48 hours. The outside solution was replaced every 6 to 8 hours. 
The dialysis residue was then freeze-dried, yielding a white product that could 
be easily powdered and was readily soluble in water. 


Phosphorus Determinations 

Total phosphorus determinations were made by the method of Beveridge 
and Johnson (4). 

Acid-soluble phosphorus was determined by a modification of the method 
of Little and Butler (5). One-milliliter samples of the alkaline hydrolyzates 
were neutralized at 0° C with 1.00 ml of hydrochloric acid of the correspond- 
ing normality. The neutral solutions were then treated at 0° C with 2.00 
ml of 20% trichloroacetic acid, mixed, allowed to stand in the ice-water bath 
for 3 minutes, and centrifuged. Suitable dilutions of the supernatant were 
made and the phosphorus content was determined and expressed as a per- 
centage of the total phosphorus in the digest. 

Determination of the phosphate soluble with 1.56% uranyl acetate — 10% 
trichloroacetic acid reagent was carried out according to the procedure of 
Hurst, Little, and Butler (6) after neutralization of the samples from alkaline 
hydrolyzates. 


Determination of inorganic phosphate in the presence of labile organic 
phosphate was carried out by the method of Hurst et al. (6) but the analytical 
procedure of King (7) was employed in this instance. 
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Analysis of Purine and Pyrimidine Bases 

The purine and pyrimidine bases were liberated from the DNA samples 
according to the method of Wyatt (8). Fifty-milligram samples of the nucleic 
acid or its derivatives were digested with 0.8 ml of 72% perchloric acid in 
glass-stoppered, conical centrifuge tubes for 1 hour at 100°C. The tubes 
were then cooled, the contents diluted to about 5 ml with distilled water, 
and the dark precipitate was removed by filtration through a medium sintered- 
glass disc. The residue was washed with a few milliliters of distilled water, 
the filtrate and washings were combined and diluted to 25.0 ml in a volu- 
metric flask. 

Three methods were employed for eliminating the adverse effects of high 
acid or salt concentration in the ion exchange chromatographic analysis of 
the purine and pyrimidine mixture. When the alkaline hydrolyzate was 
used directly, enough of the solution to contain about 50 mg of the degradation 
products was placed in the digestion tube, perchloric acid was added until 
the pH became neutral, and the solution was evaporated to dryness in vacuo. 
Then 0.8 ml of 72% perchloric acid was added and the whole heated at 100° C 
fori hour. After a suitable dilution the carbon was filtered off and the purines 
and pyrimidines were precipitated and isolated as silver ‘salts according to the 
procedure of Abrams and Bentley (9). Their procedure was also used for 
the regeneration of the nitrogenous bases from the silver salts by acidification 
with hydrochloric acid. 

The second method used involved the removal of the excess perchlorate 
after the hot acid hydrolysis by the addition of potassium hydroxide to a 
pH of 2. The insoluble potassium perchlorate was removed by filtration and 
washed with ice-cold water and the filtrate and washings were diluted with 
water to 25 ml. A sample (1 to 2 ml) could then be used directly for chroma- 
tographic analysis. Under these conditions no loss of material occurred but 
it was found that at pH values higher than 2 there was a significant loss of 
the less difficultly soluble bases. :, 

In later experiments it was found more convenient simply to lower the 
acidity of the perchloric acid digests by dilution with water to a final acid 
concentration of about 0.05 N. Under these conditions the purine and 
pyrimidine bases were readily held by the cation resin column employed. 

For ion exchange chromatographic analysis enough of the purine and pyri- 
midine solution at pH 2 to give a total optical density (optical density at 
2600 A x volume in ml) of 75 was absorbed on a column (6 cm X 0.13 cm?) 
of Dowex-50, 200 to 300 mesh, 2% cross-linked resin in the hydrogen form. 
Uracil and thymine were washed through with 0.01 N hydrochloric acid 
solution followed by a gradient elution of the other nitrogenous bases. The 
gradient apparatus was patterned after that described by Lakshmanan and 
Lieberman (10) with the exception that a separatory funnel was used in place 
of the Hershberg dropping funnel. Hydrochloric acid (C) = 5.8 N) was 
allowed to drop into 300 ml (Vo) of 0.02 N hydrochloric acid solution at 0.4 
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Exchanger: Dowex-50-hydrogen, 200 to 300 mesh, 6 X 0.13 cm?. 


Solutions: Gradient elution with hydrochloric acid. Gradient as shown. 


flow 1 ml per minute. 
Sorbed material: A,— 1 to 2 mg of each base in 0.1 N hydrochloric acid. B,— perchlo- 


ric acid digest of 50 mg of deoxyribonucleic acid. 


a total optical density of 75 at pH 1 was placed on the column. 


A 


AT 2600 


DENSITY 
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Separation of purines and pyrimidines by ion exchange chromatography. 


Rate of 


In both cases enough solution to give 


Ion exchange chromatography of purines and pyrimidines recovered from 


deoxyribonucleic acid hydrolyzed by 1 N sodium hydroxide at 100°C at the times 


specified. 


Exchanger: 


Solutions: 


Dowex-50-hydrogen, 200 to 300 mesh, 6 X 0.13 cm?. 
Gradient elution with hydrochloric acid. 
of flow 1 ml per minute. 

Sorbed material: 


optical density of 75. 


Gradient as shown. 


Rate 


Enough of the purine and pyrimidine solution, pH 1, to give a total 
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to 0.5 ml per minute (R,).* Mixing of the solutions was maintained by means 
of a magnetic stirrer. All component parts of the gradient apparatus were 
kept at the same pressure by means of a mercury manostat. The flow rate of 
the effluent (R:) was maintained at 0.8 to 1 ml per minute and the gradient 
used (Figs. 2 and 3) was determined by titrations of the samples on a blank 
run. In order to elute adenine in a reasonable volume the gradient elution 
was discontinued at the appropriate interval and elution with 5.8 N hydro- 
chloric acid solution begun. Samples were collected at 5-minute intervals. 
The progress of the elution was followed by determination of the total optical 
density at 2600 A. After the elution curve was obtained, the samples for the 
different fractions were pooled, the hydrochloric acid concentrations adjusted 
to the desired normality, and the optical density and volume were measured. 
The actual concentration of the purine or pyrimidine base in the fraction was 
then calculated from the molar extinction coefficient determined at the same 
wavelength and pH. 

The amount of uracil and thymine eluted in the first fraction was deter- 
mined either by the differential extinction technique for binary mixtures 
described by Loring ef al. (11) or after separation of the two pyrimidines by 
the paper chromatography method of Wyatt (8). 

The extent of the destruction of the individual bases was then estimated 
by comparison with the quantities of the bases recovered from highly poly- 
merized DNA by the same analytical technique. Known mixtures of nitro- 
genous bases could be recovered with an error of less than +5%. 


Determination of the Destruction of Deoxyribose 

The extent of destruction of deoxyribose was estimated indirectly by 
determining the decrease in the amount of color formed with the diphenyla- 
mine reagent and with the cysteine — sulphuric acid reagent. 

(a) Diphenylamine color reaction—The color reagent was prepared as 
described by Sevag, Smollens, and Lackman (12). Five-milliliter samples 
of the test solutions containing 50 to 500 wg of DNA or its degradation 
products were treated with 10.0 ml of the reagent. The tubes were placed 
in a boiling water bath for exactly 3 minutes, cooled for 1 minute in an ice 
bath and for 4 minutes in a 25°C water bath, and the readings taken at 
5800 A immediately in a Beckman model DU spectrophotometer. 

(b) Cysteine — sulphuric acid color reaction—The reagents were prepared 
and the determinations performed as described by Brody (13). To 0.50-ml 
samples of the solutions to be analyzed, containing 1 to 10 wg of DNA phos- 
phorus, was added 0.05 ml of a 1% cysteine hydrochloride solution with a 
micropipette and the test tubes were placed in an ice bath for 10 minutes. 
Then 5.0 ml of concentrated reagent-grade sulphuric acid, chilled to —10° C, 
was added slowly, permitting two layers to form. The contents were mixed 
and the tubes placed in a water bath at 25°C. The optical densities were 
read after exactly 20 minutes at 4740 A in a Beckman spectrophotometer. 
The error was less than +3%. 


*The symbols Co, Vo, Ri, and Re are those employed by Lakshmanan and Lieberman (10). 
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Determination of Extinction Coefficient 

The extinction coefficients of the alkali-treated DNA preparations were 
found by determining the optical densities of suitably diluted solutions at 
2600 A and pH 2 and dividing the readings obtained by the milligrams of 
phosphorus per liter present in the samples. A direct determination of the 
extinction coefficient for DNA not degraded by alkali was not suitable as a 
basis of comparison since the extinction varies with the degree of hydrogen 
bonding in the macromolecule and no means were available for determining 
this variation. Therefore the extinction coefficient of intact DNA was calcu- 
lated by adding the molar absorptivities at 2600 A and pH 2 of the individual 
nucleotides in the respective proportions based on the composition of the 
DNA and expressing it as optical density per milligram of phosphorus per 
liter. 


Electrometric Titration 

Approximately 62 mg of a lyophilized dialysis residue, obtained after 
heating a 0.5% solution of DNA in 1 N sodium hydroxide for 4 hours, was 
placed in a titration vessel and 40 ml of distilled water added. The pH of 
the solution was 7.23 and it contained 0.125 mg of phosphorus per milliliter. 
The pH measurements were made with a Beckman model G pH meter. The 
titration vessel was closed with a suitable rubber stopper through which the 
electrodes, the tip of the burette, and the gas bubbler had been inserted. 
An atmosphere of nitrogen was maintained above the solution by bubbling 
nitrogen saturated with water through the solution. Titration from pH 
7.23 to 11.38 was carried out by serial additions of carbon dioxide free 0.033 
N potassium hydroxide. The back titration from pH 11.38 to 3.18 was 
accomplished by serial additions of 0.05 N hydrochloric acid. All points 
obtained were corrected for the titration of water. 


Results and Discussion 


In Fig. 1 is shown the time course of alkaline hydrolysis of DNA in the 
presence of 0.5 N and 1.0 N sodium hydroxide. The results of several experi- 
ments are given in Table I. The production of inorganic phosphorus was 
very small during the initial stages of hydrolysis but increased as the hydrol- 
ysis progressed and after 20 hours of treatment with 1 N sodium hydroxide 
at 100° C almost all of the phosphorus soluble in the uranyl acetate reagent 
was inorganic. 


The amount of material isolated after dialysis and lyophilization was found 
to depend upon the duration of the alkaline hydrolysis and of the dialysis. 
The best condition for retention of material during dialysis was found to be 
obtained by dilution of the alkaline hydrolyzate to 0.1 N alkali. This is 
shown by the data presented in Table II. Under these conditions about 
20% of the DNA phosphorus was lost on dialysis for a 4-hour period of hydrol- 
ysis with 1 N sodium hydroxide. For an 8-hour hydrolysis period 50% of 
the DNA phosphorus was lost on dialysis whereas all the material became 
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dialyzable after 20 hours of alkaline hydrolysis. These amounts corresponded 
closely to the values obtained for the uranyl acetate soluble phosphorus. 
Analysis of the DNA hydrolyzates before and after dialysis showed no selective 
loss of any of the nitrogenous bases due to this method of isolation. 

Using the quantitative ion exchange chromatography method for the 
estimation of the purine and pyrimidine bases and their deaminated deriva- 
tives, it has been possible to demonstrate that hot alkaline hydrolysis of 
DNA is accompanied by a considerable destruction of cytosine and adenine, 
only a small part of the lost bases being recovered in the form of their deamin- 
ated derivatives. The extent of the destruction during hot alkaline hydrolysis 


TABLE I 


TIME COURSE OF HYDROLYSIS OF DEOXYRIBONUCLEIC ACID WITH SODIUM 
HYDROXIDE AT 100°C 








Yield of organic and inorganic phosphate 








DNA NaOH as per cent of total phosphate* 
concn., concn., Time 
% N (hr.) 1 2 4 8 20 
0.25 1.0 ASP 35.0 70.0 92.0 100.1 100.0 
USP 6.5 12.5 23.0 38.2 51.0 
IP 3.0 8.0 14.0 30.0 51.1 
0.5 1.0 ASP 38.0 73.0 92.5 100.5 — 
USP 2.0 4.0 1.3 15.5 — 
IP 2.0 3.0 5.5 10.3 _— 
0.5 0.5 ASP 8.2 a2.4 53.0 83.1 — 
USP 1.5 3.0 6.1 9.3 — 
IP 0.5 2.5 3.7 7.0 — 
0.25 1.0f ASP 32.0 61.1 89.0 100.3 100.1 
USP 5.0 10.2 19.1 34.3 53.5 
IP 1.5 4.5 12.3 28.8 50.7 





*ASP and USP refer to phosphate soluble in the trichloroacetic acid and the uranyl acetate reagents respec- 
tively. IP stands for inorganic phosphate. 
tin this experiment potassium hydroxide was substituted for sodium hydroxide. 


TABLE II 


DIALYSIS OF ALKALI-DEGRADED DEOXYRIBONUCLEIC ACID* 

















Time, hr. 
Initial Initial 
Initial phosphate alkali 6 12 24 48 72 96 
vol. of concn. of concn. of 
Prepara- dialyzand, dialyzand,  dialyzand, Optical density (2600 A) and phosphorus 
tion ml mg/ml N content of dialyzatet 
I 250 0.05 0.1 O.D. 7.1 13.4 17.0 20.8 — _ 
Phosphorus 6.0 12.8 16.3 21.3 — —_ 
II 500 0.025 0.05 .D. 6.3 13.8 — 22.5 — 30.1 
Phosphorus §.8 11.7 — 23.0 — 29.0 
III 500 0.05 0.1 .D. 7.8 13.9 18.3 — 27.4 — 
Phosphorus 6.7 14.1 14.9 — 2.5 — 
IV 50 0.5 1.0 .D. 16.7 24.2 38.0 48.3 55.33 — 
Phosphorus 18.0 23.7 36.5 47.2 56.1 _ 
Vv 150 0.17 0.33 O.D. 11.3 21.0 25.0 45.2 — - 
Phosphorus 9.5 19.5 24.3 44.8 — _ 
VI 250 0.05 0.1 O.D. 3.$ $8 73 89 =— i1.7 
Phosphorus 3.4 5.3 7.7 82 — 12.6 





*All the preparations were obtained by heating 50-ml samples of a 0.5% deoxyribonucleic acid solution in 1 N 
sodium hydroxide at 100° C for 4 hours, except preparation VI, which was heated for 1 hour only. The prepara- 
tions were diluted with water before dialysis. 

TBoth expressed as a per cent of the total. 
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TABLE III 


DESTRUCTION OF PURINE AND PYRIMIDINE BASES DURING HYDROLYSIS OF 
DEOXYRIBONUCLEIC ACID IN 1 N SODIUM HYDROXIDE AT 100° C* 














1-hr hydrolyzate 4-hr hydrolyzate 9-hr hydrolyzate 
Moles of base Moles of base Moles of base 
per 100 g- per 100 g- per 100 g- 
atoms of Percent- atoms of Per cent atoms of Per cent 
Base phosphorus recoveryf phosphorus recovery phosphorus recovery 





Experiment I 


Adenine 22.5 80.5 10.0 42.8 6.8 35.7 

Hypoxanthine 0.0 1.6 2.8 

Guanine 23.1 99.5 22.7 97.9 21.7 93.4 

Xanthine 0.0 0.0 Trace 

Cytosine 10.6 95.5 is 59.2 Trace 32.6 

Uracil 10.4 11.4 

Thymine 28.0 100.0 27.4 98.2 29.1 104.1 
Experiment II 

Adenine 22:2 82.4 10.1 43.2 — — 

Hypoxanthine 0.4 1.6 

Guanine 23.4 101.0 22.6 97.4 -- — 

Xanthine 0.0 0.0 

Cytosine 9.8 92.0 ,.5 57.8 — _ 

Uracil 10.3 11.1 

Thymine 28.1 100.5 26.7 95.6 _— — 





*The purine and pyrimidine composition of the 1- and 4-hour hydrolyzates was determined on the respective 
dialysis residues. The base composition of the 9-hour hy drolyzate was determined after precipitation of the 
purines and pyrimidines as silver salts from the whole digest. 

+The recoveries of the bases were calculated assuming the following composition of DNA: adenine 27.1; guanine 
23.2; cytosine 21.8; thymine 27.9 moles of base per 100 g-atoms of phosphorus (based on the average of four deter- 
minations for calf thymus DNA reported by Hurst, Marko, and Butler (14) and corrected to 100%). The value 
for the percentage recovery includes the deaminated base in each case. 


of DNA is shown by the data presented in Table III. The facile deamination 
of cytosine in DNA is indicated by the 50% conversion to uracil during a 1- 
hour hydrolysis period. Though almost all of the cytosine has been destroyed 
after 4 hours of hydrolysis only 52% of the original base can be accounted 
for by the uracil and the destruction of uracil is further indicated by the 
results for the 9-hour hydrolyzate. The loss of adenine does not occur as 
readily as cytosine and cannot be accounted for by formation of hypoxanthine. 
The amounts of guanine and thymine lost are negligible and are of the order 
of the experimental error. The effect of hot alkaline hydrolysis on the free 
bases and their nucleoside and nucleotide derivatives has been reported 
separately by Hurst and Kuksis (15) and from that study it is apparent that 
the destruction of adenine and cytosine occurred in situ in the macromolecule. 
The stability of the phosphodiester linkages in DNA to alkaline hydrolysis 
suggests that the facile degradation of cytosine and adenine precedes the 
rupture of these internucleoside linkages and that the destruction of these 
bases is the weak point in the molecule for the degradative attack of the 
alkali. The stability of guanine and thymine and the instability of adenine 
and cytosine in hot alkali is discussed by Hurst and Kuksis (15) in the following 
paper. 
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TABLE IV 


DEGRADATION OF DEOXYRIBONUCLEIC ACID DURING ALKALINE HYDROLYSIS* 











Cysteine — Ultraviolet Phospho- 
Diphenylamine sulphuric Extraneous absorption diesterase 
Sample color acid color color (€/mg P/ml hydrolysis 
time, (e/mg P/ml (e/mg P/ml (e/mg P/ml at 2600 A (alkali uptake 
hr at 5800 A) at 4740 A) at 4000 A) and pH 2) _ in meq/hr/g P) 
0 3.22 123 0.00 332 161 
1 2.84 106 0.19 — 3.5 
2 2.50 — 0.89 — — 
3 — — 1.63 -- vo 
4 2.10 84 2.43 245 0.0025 
5 _ 76 — — — 
6 — — 2.60 — 0.001 
7 — 67 3.53 203 —_— 





*The analyses were performed on samples obtained from 0.5% solutions of DNA in 1 N sodium hydroxide 
heated at 100° C. 


The development of a yellow-brown color in the digests during alkaline 
hydrolysis suggested the possibility of destruction of the sugar moiety of the 
DNA. Caramelization of sugars in hot alkaline solution has been described 
by Pigman and Goepp (16) as due to a breakdown to short-chain aldehydes 
which polymerize giving the solution a brown color. In Table IV are sum- 
marized some of the changes noted during the course of alkaline hydrolysis 
of DNA. On the basis of the loss in the amount of color produced with the 
diphenylamine reagent it is estimated that about 35% of the purine-bound 
deoxyribose was destroyed during a 4-hour hydrolysis period with 1 N 
sodium hydroxide at 100°C. The cysteine — sulphuric acid reagent test 
indicated a 33% loss of color after a similar period of hydrolysis, increasing 
to about 50% loss at the end of a 7-hour period. 

Since the diphenylamine reagent reacts only with the purine-bound de- 
oxyribose we cannot estimate the destruction of pyrimidine-bound deoxyri- 
bose with this test (17). However the cysteine — sulphuric acid reagent has 
been considered by Manson (18) to react quantitatively with purine- and 
pyrimidine-bound deoxyribose and therefore the results in Table IV may be 
interpreted as indicating a 33% over-all destruction of the sugar. On the 
basis of these two tests, therefore, one might conclude that approximately 
equal quantities of the purine- and pyrimidine-bound deoxyribose were 
destroyed during the 4-hour digestion period. This is in fairly close agree- 
ment with the extent of loss of adenine and cytosine reported in Table III. 
Dische (17), however, has concluded that the color reaction with cysteine — 
sulphuric acid reagent is probably also limited to purine-bound deoxyribose 
and hence the conclusion about pyrimidine-bound sugar may not be valid. 
Since some interfering substances may have been formed during the pro- 
longed digestion with alkali the actual extent of sugar destruction may be 
lower or higher than indicated by the results obtained. 
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EQUIVALENTS OF ACID PER GRAM-ATOM OF PHOSPHORUS 


Fic. 4. Corrected electrometric titration curve of alkali-degraded deoxyribonucleic acid. 


The decrease in absorption of ultraviolet light at 2600 A.as shown by the 
change in extinction coefficient was found to be 26% after 4 hours and 39% 
after 7 hours of alkaline hydrolysis. The decrease in the extinction coefficient 
corresponds very closely to the loss in ultraviolet absorptivity as calculated 
from the observed loss in the nitrogenous bases. 

Analysis of the electrometric titration curve in Fig. 4 provides additional 
evidence of the loss of nitrogenous bases and the disruption of internucleoside 
linkages. In Table V are shown the pK’, values and the corresponding 
equivalents of the groups titrated in the range of these pK’, values. The 
incomplete titration of the group with a pK’, in the range of pH 3.3 makes 
it impossible to determine the relative amounts of the amino groups of adenine 
and guanine, but the values obtained for the enolic groups of uracil, guanine, 
and thymine correspond closely to those given in Table III for a 4-hour 
hydrolyzate. Comparison of the pK’, values given can be made with those 
reported by Jordan (19). The uptake of 0.3 equivalents of acid per gram- 
atom of phosphorus in the range of secondary phosphoryl! dissociation indi- 
cates that the DNA has been broken down beyond the stage of the oligonu- 
cleotides which are produced by the action of pancreatic deoxyribonuclease 
on DNA as reported by Little and Butler (5). 

The material used for the electrometric titration study, although completely 
soluble in 10% trichloroacetic acid, was not readily dialyzable. Mixtures of 
oligonucleotides resulting from the hydrolysis of DNA by pancreatic deoxy- 
ribonuclease have been shown by Tamm, Shapiro, and Chargaff (20) to 
dialyze to the extent of 85 to 90% and by Little and Butler (5) to have 0.25 
equivalents of secondary phosphoryl dissociations per gram-atom of phos- 
phorus. This discrepancy suggests the possibility that the rupture of phos- 
phodiester linkages during alkaline hydrolysis has been accompanied by a 
condensation of the resulting fragments through some other active centers 
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TABLE V 


pK’. VALUES AND EQUIVALENTS OF DISSOCIABLE GROUPS FOUND ON ELECTROMETRIC 
TITRATION OF ALKALI-DEGRADED DEOXYRIBONUCLEIC ACID 











Titrated group Equivalents of corresponding 
equiv./100 g-atoms group as determined by 
pK’. of phosphorus analysis 
4.75 5 4.5 (Cytosine) 
7.0 30 100 (Secondary phosphate) 
9.45 10 11 (Uracil) 
10.45 20 23 (Guanine) 
11.2 25 27 (Thymine) 





formed by the degradation of the deoxypentose component. This postulation 
is supported by the inability to hydrolyze the alkali-degraded DNA with 
phosphodiesterase prepared from Russell’s viper venom by the method of 
Hurst and Butler (21). 


The evidence of extensive destruction of the nitrogenous bases and deoxy- 


ribose and the liberation of inorganic phosphate under the conditions required 
to produce material soluble in 10% trichloroacetic acid by alkaline hydrolysis 
of DNA eliminates the possibility that the oligonucleotides resulting from the 
action of pancreatic deoxyribonuclease on DNA are bound in the macromole- 
cule by alkali-labile bonds. 


— 
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DEGRADATION OF SOME PURINE AND PYRIMIDINE 
DERIVATIVES BY HOT ALKALI?! 


R. O. Hurst AND A. KuUKsIS 


Abstract 


The effect of heating a number of purine and pyrimidine derivatives in 1 N 
sodium hydroxide solution at 100° C was studied using a spectrophotometric 
method to determine the extent of degradation. Although adenine was stable 
under these conditions, adenylic acid was found to be destroyed without evidence 
of intermediate deamination. No other substituted purines studied were 
degraded. Cytidylic acid was much more readily deaminated than cytosine 
but in both cases destruction of the pyrimidine base occurred. Uracil and 
thymine were stable but uridylic acid was destroyed to the same degree as 
adenylic acid. The stability of uracil suggests that the destruction of cytosine 
occurred before deamination. The rapid deamination of cytidylic acid took 
place before extensive loss of base had occurred. The differences observed are 
related to the nature and number of substituent groups on the purine and 
pyrimidine ring structures. 


Introduction 


In the investigation of the effect of heating deoxyribonucleic acid in 1 N 
sodium hydroxide solution at 100°C the deamination of cytosine and the 
loss of cytosine, uracil, and adenine during the course of alkaline hydrolysis 
were reported by Hurst and Kuksis (2). These observations led to a further 
study of the effect of hot alkali on the free bases and their corresponding 
nucleoside and nucleotide derivatives. 


Materials and Methods 


All the purine and pyrimidine derivatives used were obtained from the 
Nutritional Biochemicals Corporation, Cleveland, Ohio, except for adenosine- 
5-phosphoric acid, which was obtained from the Sigma Chemical Co., St. 
Louis, Mo. The compounds were used without further purification since 
analysis by the paper chromatography method of Wyatt (3) did not reveal 
any contamination with other purine or pyrimidine bases or their derivatives. 


Alkaline Hydrolysis 


The effect of hot alkali was studied on the free bases: adenine, guanine, 
cytosine, thymine, uracil, hypoxanthine, and xanthine; the ribonucleotides: 
adenylic, guanylic, cytidylic, and uridylic acids, and the ribonucleosides: 
inosine and xanthosine. A 20-mg sample of each compound was heated in 
50-ml glass-stoppered centrifuge tubes with 25 ml of 1 N sodium hydroxide 
solution at 100°C. At designated intervals of time samples were removed 
from the digests, cooled, and diluted to a reasonable concentration for 

1Manuscript received April 12, 1958. 

Contribution from the Department of Biochemistry, Queen’s University, Kingston, 
Ontario. This work was carried out with the aid of a grant from the National Research 
Council of Canada. The material of this communication is from a thesis presented by A. 
Kuksis in conformity with the requirements for the degree of Doctor of Philosophy, Queen’s 


University, 1956. A report of some of the material in this paper was given at the meeting 
of the Canadian Physiological Society, London, Ontario, October 14, 1955 (1). 
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spectrophotometric analysis, and the pH was adjusted to 1.0 with hydro- 
chloric acid. In order to correct for any increase in concentration due to 
evaporation during the digestion period, total phosphorus analyses were per- 
formed on all samples and changes in volume were related to the phosphate 
concentration. In the case of those compounds not containing phosphorus, 
trisodium phosphate was added previous to digestion to a final concentration 
of 10 wg per milliliter. The phosphorus determinations were carried out 
according to the procedure of Beveridge and Johnson (4). 

For those compounds containing amino groups the degree of deamination 
and destruction was measured by determining the spectrum of the samples 
in the range from 2200 to 3100 A. Only the absorptivity at 2600 A was 
determined for those compounds not containing amino groups in order to 
estimate the loss of material absorbing ultraviolet light. The optical densities 
of the samples were read on a Beckman model DU spectrophotometer against 
blanks containing hydrochloric acid and sodium chloride in concentrations 
similar to those present in the test solutions after acidification. 

Deamination of a purine or pyrimidine derivative was calculated from the 
ratio of the concentration of the original base to its deaminated derivative 
in the reaction mixture. A mole for mole conversion was assumed and any 
possible side reactions were ignored in this determination. The most con- 
venient method for the analysis of any binary mixture resulting from the 
deamination of the compounds studied was found to be the differential 
spectrophotometric technique described by Loring, Fairley, Bortner, and 
Seagran (5). The extinction coefficients reported by Hotchkiss (6) were 
used in determining the molar concentrations. 

It was observed that matching the spectrum obtained experimentally with 
the one calculated on the basis of the estimated concentrations of the two 
compounds considered to be present in the reaction mixture provided a reliable 
check on the values determined. Such a comparison also indicated whether 
or not impurities were present that absorbed appreciably at the shorter and 
longer wavelengths. Using this procedure known quantities of bases added 
to the alkaline digestion mixtures could be estimated within an error of 
+ 5%. 

TABLE I 


DESTRUCTION OF PURINE DERIVATIVES BY 1 N SODIUM HYDROXIDE AT 100° C 








Relative concentration of purine base in micromoles* 





Adenylic acid 





Time, Orig. Deam. Guanylic 

hr Adenine base base Guanine acid Hypoxanthine Inosine Xanthine Xanthosine 
1 _ 83.0 0.0 102.0 _ 100.0 100.0 99.5 103.0 

2 70.1 Trace _ 98.5 99.9 100.0 100.1 106.1 

3 _ 63. 0.1 101.0 98.5 98.0 98.2 99.0 103.0 

4 101.0 56.0 0.2 99.7 97.0 98.5 95.1 98.0 103.0 

6 100.2 42.0 0.5 98.0 97.0 97.0 90.3 97.0 104.0 

9 98.5 _ _ _ _ 95.1 _ _ 100.2 
15 _ _ _ 96.0T 95.0 _ _ 96.0 _ 





*Recovery of base was calculated to an arbitrary value of 100 micromoles for the initial concentration. 
2.0 micromoles of the deaminated base were also found present in this sample. 
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Results 


The results of treatment of the purine derivatives with 1 N sodium hydroxide 
at 100°C are given in Table I. In the case of adenine, guanine, guanylic 
acid, hypoxanthine, inosine, xanthine, and xanthosine, practically no change 
was observed. With the exception of inosine the changes recorded are 
within the experimental error of the procedure. The loss of adenylic acid 
cannot be explained by the formation of substituted hypoxanthine derivatives 
since these account for only a trace of the destroyed material. The changes 
in the ultraviolet light absorption spectrum determined at pH 1 when adenylic 
acid is heated in 1 N sodium hydroxide are shown in Fig. 1. After 4 hours 
of hydrolysis there was a definite increase in the absorption at both ends of 
the spectrum as determined. On continued heating, the absorption at these 
wavelengths decreased and after 8 hours the ratio of the maximum to the 
minimum absorption approached that characteristic of adenylic acid. 

The results of treatment of the pyrimidine derivatives with hot alkali are 
given in Table II. The instability of cytosine, cytidylic acid, and uridylic 
acid is apparent whereas uracil and thymine are stable under the conditions 
used. Figure 2 shows the changes in the ultraviolet light absorption spectrum 
at pH 1 when cytidylic acid is converted into uridylic acid. The experimental 
curve obtained for the estimated mixture of cytidylic acid and uridylic acid 
after 1 hour of hydrolysis in 1 N sodium hydroxide at 100° C corresponded 
almost exactly to the curve calculated for such a mixture from the respective 
absorptivities of the two nucleotides. 
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Fic. 1. The ultraviolet absorption spectra at pH 1 of adenylic”and inosinic acids. 
—e Adenylic acid; —— O inosinic acid; — — @ — — spectrum* obtained 
after heating adenylic acid for 4 hours in 1 N sodium hydroxide at 1 ;—--—-O-— 
— obtained after heating adenylic acid for 8 hours in 1 N sodium hydroxide at 

*For comparison with the spectrum of adenylic acid the optical density at 2600 A has 
been set equal to 14.2 X 10-* and the curve recalculated on this basis. 
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TABLE II 


DESTRUCTION OF PYRIMIDINE DERIVATIVES BY 1 N SODIUM HYDROXIDE AT 100°C 








Relative concentration of pyrimidine base in micromoles* 











Cytosine Cytidylic acid 
Time, Orig. Deam. Orig. Deam. Uridylic 

hr base base base base Uracil acid Thymine 
1 97.8 3.2 6.3 83.8 101.0 90.9 100.9 
2 — — 3.0 75.6 101.0 73.6 — 
3 90.7 6.8 1.0 65.3 100.5 61.1 101.9 
4 “= — 0.0 55.0 — 50.5 — 
6 70.1 13.3 0.0 38.1 101.0 42.2 99.1 
9 _- -— — a 99.5 — 98.3 

15 43.0 23.7 — — ae = — 





*Recovery of base was calculated to an arbitrary value of 100 micromoles for the initial concentration. 





x 
ro) 
eg 
» 
a 


ABSORPTIVITY 
a 
T 
00. 
oe 
—o-5 
—_—_—e 


MOLAR 
AS 
Sa 
2 
ee 
_—7o 
—— 


2r Le \a \ 








‘ ; \ 
Wek 

° ole io uy 
2200 2400 2600 2800 3000 3200 
WAVE LENGTH IN A 





Fic. 2. The ultraviolet absorption spectra at pH 1 of cytidylic and uridylic acids. 
* Cytidylic acid; —— O uridylic acid; — — O — — spectrum* obtained 
after heating cytidylic acid for 1 hour in 1 N sodium hydroxide at 100° C. 

*For comparison with the spectrum of uridylic acid the optical density at 2600 A has 
been set equal to 10 X 10-* and the curve recalculated on this basis. 














Discussion 


Although a number of degradation products not having the same ultra- 
violet absorption characteristics might arise during the treatment of the 
purine and pyrimidine derivatives with hot alkali, the spectra of the purines 
and pyrimidines at a particular pH depend primarily on whether there is 
substitution at position 9 and 3 respectively (7) and to a lesser extent on the 
nature of the substituent group (8). Since hot alkali has not been reported 
to affect the glycosylic linkage of either purine or pyrimidine nucleosides 
(9-12) and since the removal of phosphate groups from the sugar residue of 
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nucleotides is known to have only a negligible effect upon the spectra (13), 
a definite decrease in the optical density may be considered as a good indication 
of the destruction of the nitrogenous bases. In addition any shortening of 
the substituent carbohydrate residue due to the action of the hot alkali might 
be expected to result in an increase in the extinction coefficient of the substi- 
tuted base since Gulland ef al. (8) reported a higher extinction coefficient for 
9-methyl xanthine than for xanthosine. 

It is unlikely that any purine or pyrimidine derivatives having ultraviolet 
absorption characteristics widely different from those of the starting materials 
or their deaminated derivatives would have been produced without effecting 
significant deviations in the absorption spectra studied. Such compounds 
could not have been produced to any large extent since their presence was 
not detected either by paper chromatography (3) or by ion exchange chrom- 
atography (2). Except for the increase in the absorption at the shorter and 
longer wavelengths in the case of adenosine-5-phosphate, normal spectra 
corresponding to binary mixtures of the bases and their deaminated deriva- 
tives were obtained. 

Fischer (14) studied the alkali stability of uric acid and its substitution 
products as well as xanthine, hypoxanthine, guanine, and some of their 
methyl derivatives. From these studies he concluded that the purines 
became highly sensitive to hot 1 N alkali solutions when they were so substi- 
tuted that they could no longer form an anion. Since the compounds studied 
by Fischer all contained oxygen atoms joined to the purine ring he considered 
that his observations would not apply to the 6-amino-purine derivatives and 
that the methylation products of adenine would be as stable as the free base. 

Albert and Brown (15), however, noted that while free purine was stable to 
hot 1 N alkali, its 9-methyl derivative was very readily destroyed by the same 
treatment. These workers were able to recover 4-methylamino-5-amino 
pyrimidine in an almost quantitative yield after heating 9-methyl purine in 
1 N sodium hydroxide at 100 °C for 1 hour. Since the purines in the nucleic 
acids are also substituted in position 9, the observed destruction of adenylic 
acid by hot alkali is supported by the work of Albert and Brown (15). The 
finding that guanylic acid is not affected by the same alkali concentration is 
in line with the observation of Fischer (14) that 7-methyl guanine was not 
degraded by hot 1 N potassium hydroxide after 16 hours at 100°C. Similar 
observations that agree with the results given here for inosine were made by 
Fischer (14) with 7-methyl hypoxanthine. 

Since this work was completed Gordon, Weliky, and Brown (16) have 
reported the cleavage of the imidazole ring in 9--p-ribofuranosyl purine 
under mild treatment with 0.04 N alkali at room temperature. Under the 
conditions used the glycosylic linkage remained practically intact. The 
formation of a 4,5-diamino pyrimidine containing a ribosyl group produced 
a shifting of the absorption maximum in acid from 2625 A to 2890 A and a 
similar shift for the absorption minimum from 2300 A to 2420 A after 76 
hours of alkaline hydrolysis. This offers an explanation for the shifts in the 
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spectra of adenylic acid shown in Fig. 1. Under the conditions employed 
by us the formation of such an intermediate as described by Gordon e¢ al. 
(16) would probably be transitory. This is indicated by our inability to 
find by chromatographic analysis degradation products that absorbed ultra- 
violet light. 

The more rapid deamination of cytidylic acid as compared to cytosine can 
be related to the substitution of the ribosyl phosphate group at position 3 
of the pyrimidine ring. The instability of uridylic acid as compared to uracil 
can be considered similarly. The degree of substitution in the pyrimidine 
ring structure leads, therefore, to a result comparable to that obtained in the 
study of the purines. The stability of thymidylic acid as shown by Hurst 
and Kuksis (2) may be related to a stabilizing effect of the methyl group at 
position 5. The stability of thymine indicates that substitution at position 
5 in uracil does not weaken the ring as does substitution at 3. The stability 
of uracil under the conditions used suggests that the destruction of the ring 
structure of cytosine either precedes or is concomitant with its loss of the 
amino group. Cytidylic acid, however, is so rapidly deaminated to uridylic 
‘acid that degradation here must be subsequent to deamination. 

The observed alkali lability of the substituted purines and pyrimidines 
may be attributed to interference with the resonance structure of the nitro- 
genous base and is evidently dependent upon the position and the degree 
of substitution in the ring structure. 
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MOLECULAR WEIGHT AND PHYSICAL PROPERTIES OF A 
LIPOPROTEIN FROM THE FLOATING FRACTION 
OF EGG YOLK! 


K. J. TURNER? AND W. H. Cook 


Abstract 


Ether extraction removes 80% of the floating fraction of egg yolk from its 
solution in 2.5% sodium chloride. On removal of the ether and dialysis against 
specific solvents two thirds of the remaining lipoprotein (40% lipid) precipitates, 
leaving a soluble fraction containing 50% lipid. The soluble and insoluble 

rtions probably represent different levels of degradation rather than different 
ipoproteins since both materials are apparently derived by ether extraction 
from a natural entity of much higher lipid content. The soluble fraction is 
heterogeneous and has mean molecular weights of My = 5.4X10° by light- 
scattering methods, and M, = 3.4X10° by osmotic pressure. A “‘light’’ frac- 
tion obtained by centrifuging and representing 38% of the soluble material had 
M, = 34to3.5X10°. Heterogeneity in lipid content appears to be responsible 
for the low molecular weight (M, = 2.4105) obtained by sedimentation. 


Introduction 


When a solution of hen egg yolk is centrifuged at high speed a floating frac- 
tion rises to the surface and can be separated from the heavier sedimenting 
constituents (1, 2,3). This floating material may be separated by extraction 
with ethyl ether into so-called ‘‘free”’ lipid (1, 4) and a lipoprotein containing 
about 40% bound lipid that has been termed lipovitellenin (5). If a lipopro- 
tein of this composition exists in solution as a separate entity, it should sedi- 
ment in dilute buffers, but so far all our attempts to separate it from the “free”’ 
lipid on the basis of density differences have failed. The reduced solubility of 
the lipoprotein after ether extraction (5, 6) is doubtless responsible for the 
paucity of information on its physical properties (7, 8, 9) and also suggests 
that lipovitellenin may be a degradation product. It was found, however, 
that part of this lipoprotein remained sufficiently soluble after ether extrac- 
tion to permit the physical measurements reported here. 


Methods 


Nitrogen was determined by a modified Kjeldahl method (10), phosphorus 
by the method of King (11), and choline as described by Kates (12). All 
preparations for analysis were dialyzed exhaustively against water, and freeze- 
dried. Total lipid was determined by extracting approximately 350 mg 
samples of freeze-dried lipoprotein as follows: The sample and 30 ml of mixed 
absolute alcohol—ether solvent (3:1) were stirred at —1° C for 1 hour and then 
centrifuged; the supernatant solvent was decanted off and the extraction 
repeated twice more. The combined supernatants were evaporated to dryness, 


1Manuscript received April 15, 1958. 
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re-extracted with anhydrous ether, filtered through a medium porosity glass 
disk into weighed flasks, and dried to constant weight at 60° C in vacuum. 

An acetate buffer of ionic strength 0.1 and pH 4.3 was used as solvent for 
all physical measurements unless otherwise stated. The concentration of 
dissolved solids in solutions or dialyzates was determined by drying to con- 
stant weight at 60° Cinvacuum. Specific refractive increments were measured 
in a differential refractometer (13), calibrated against the dry weights as 
determined above. The refractive index increment was used for the routine 
determination of concentration; where greater accuracy was required, as in 
the partial specific volume measurements, dry weight determinations were 
made. 

Most of the physical measurements have been described in earlier papers 
(3, 14,15). A MacInnes float apparatus was used to obtain the partial specific 
volume at 25°C (16). Pycnometer measurements yielded comparable but 
less accurate results. Viscosity determinations were made at 25°C in an 
Ostwald—Fenske capillary type viscometer with a flow time in excess of 300 
seconds. The solutions and solvents were filtered prior to measurement 
through a sintered glass filter. Diffusion coefficients were determined with 
an integral fringe diffusion apparatus constructed from Hilger schlieren 
optical equipment modified to give a Rayleigh system of the type used by 
Longsworth (17). 

Sedimentation velocity experiments were performed at about 260,000 g 
in a Spinco Model E ultracentrifuge over a range of concentrations that 
permitted extrapolation to zero concentration. Archibald approach-to-equili- 
brium sedimentation determinations were made at from 1600 to 4800 g in 
different experiments. To facilitate measurements, silicone (Dow Corning 
555) was added to form a meniscus at the base of the cell (18). The ultra- 
centrifuge patterns were measured with a mechanical integrator (19). 

Osmotic pressures were measured at five concentrations between 0.77 and 
3.6% in apparatus based on the design of Donnan and Rose (20) but modified 
by the incorporation of a bulb into the capillary. The capillary and part of 
the bulb were filled with colored toluene to facilitate measurement. Plastic 
inserts were used in the dialysis sacs to permit measurements with about 3 ml 
of protein solution (21). 

Light-scattering measurements were made at 45°, 90°, and 135° at 4360 A 
in a Brice—Speiser light-scattering photometer (22). Solutions used for light 
scattering were centrifuged for 2 hours in a Spinco preparative centrifuge at 
78,000 g and the upper two thirds of the supernatant drawn into a dust-free 
pipette for direct transfer to the light-scattering cell. This clarification 
procedure was adopted since a fibrous precipitate formed in all filtered solu- 
tions. Solvents were filtered through millipore filters type HA with a mean 
pore size of 0.5 using slight positive pressure (23). A weighed amount of 
clarified solvent was introduced into the cell and additions by weight of the 
clarified solution provided a range of concentrations. The concentration of 
the stock solution and the final concentration in the cell were determined by 
refractive index measurements. 
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Preparation 


Studies on the entire floating fraction (24) showed that it was soluble in 
solutions of 0.1 ionic strength or higher, and that its density was about 0.98. 
In consequence a 2.5% sodium chloride solution was used to isolate the 
floating fraction in all subsequent work, since it combined satisfactory solvent 
qualities with an acceptably low density. 


Isolation of Floating Fraction 

Egg yolk fluid, prepared as previously described (3), was diluted with suf- 
ficient 10% sodium chloride to give a final salt concentration of 5%. Centri- 
fuge tubes were half-filled with this solution and 2.5% sodium chloride (p= 
1.014) layered on top. After centrifugation for 5 hours at 105,000 g the 
contents of the tube were distributed into four distinct zones: a semisolid 
layer on the surface (A), an opaque solution occupying the top third of the 
tube (B), a clear liquid region (C), and the sedimenting components (D). To 
facilitate separation the C and D zones were frozen in a dry-ice alcohol bath, 
and as the material in both the A and B zones had the same lipid content, 
these were removed and combined. The semisolid layer A dispersed in the 
solvent of the B zone at 4° C when the mixture was stirred for an hour or 
allowed to stand overnight. This solution of the floating material was 
diluted with 2.5% sodium chloride, recentrifuged, and separated as described 
once more or until there was no evidence of sedimenting components in the 
ultracentrifuge. 


Ether Extraction and Fractionation 

Such conditions as extraction time, temperature, and the salt content of 
the solutions (6, 25) affect the amount of lipid extracted by ether, and pre- 
sumably the amount of soluble and insoluble lipoprotein. Since the pro- 
portion of soluble material was variable, some of these conditions were studied 
in order to establish an acceptable standard treatment. 

Solutions (3% concentration) of the floating material were adjusted by 
dialysis to the sodium chloride concentrations shown in Table I, and extracted 


TABLE I 


LIPID EXTRACTED BY ETHYL ETHER FROM THE FLOATING 
FRACTION IN SODIUM CHLORIDE SOLUTIONS 








Lipid extracted 








Solvent, At room temp. At -—1°C, 
g NaCl/100 ml soln. 22-24° C, % % 
0.5 79.0 74.0+0.2 
1.0 81.04+1.5 76.9+0.2 
2.0 79.44+1.2 77.0+0.4 
2.5 = 80.9+0.3 
3.0 81.4+0.4 80.1+0.2 
4.0 -— 79.7+0.4 
5.0 84.1+0.4 76.7+0.7 
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4 times with 3 volumes of ethyl ether at two temperatures. The lower tem- 
perature gave more consistent results (Table 1) and maximum extraction was 
obtained from 2.5% salt solutions. 

The solutions were more opaque after extraction and partial precipitation 
occurred when the ether was removed by dialysis against sodium chloride 
solution (0.1 to 0.5 M), acetate (u=0.1, pH 3.6 and 4.3), or phosphate (u= 
0.1, pH 7.9) buffers. Glycine buffers (pH 9.0) retained the material in solu- 
tion but ultracentrifugal analysis showed gross heterogeneity. The material 
that remained soluble in acetate buffer contained some heavy material (Fig. 
1, A) that was removed by precipitation with ammonium sulphate at 10% 
of saturation (Fig. 1, B). The electrophoretic patterns were also sharper 
(Fig. 1, C before, Fig. 1, D after) following the ammonium sulphate treat- 
ment and indicated mobilities of 4.0 and 4.2X10-> cm? sec™ volt™, res- 
pectively, in the descending limb. Higher concentrations of ammonium 
sulphate precipitated increasing proportions of the main component and 
caused a marked loss of solubility. 
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9 MIN. 33 MIN. 9 MIN. 33 MIN. 


314 MIN. 314 MIN. 


Fic. 1. Sedimentation (A and B) and a (C and D) patterns of soluble 
fraction in acetate buffer (pH 4.3, 4 =0.1) before (A and C) and after (B and D) treatment 
with ammonium sulphate at 10% of saturation. 


After removal of the ammonium sulphate precipitate the solution (lipo- 
protein concentration about 0.1%) was concentrated sevenfold by simul- 
taneous evaporation and dialysis for 40 hours at 4°C. This was done by 
placing the solution in a small diameter dialysis sac, immersing the lower 
quarter of it in a stirred vessel of acetate buffer, and blowing air over the 
exposed portion. The buffer was replaced periodically and the lipoprotein 
transferred as required to maintain the proper surface exposed to the drying 
air. The solutions were stored at 4° C and before being used were centrifuged 
again as described for light-scattering measurements. No changes in the 
physical properties during a 3-week storage period could be detected and, 
except for stability studies, solutions older than this were not used. 
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The method of preparation is summarized in the following flow sheet: 
I. Egg yolk fluids diluted, layered under 2.5% NaCl, and centrifuged (5 hours at 105,000 g) 





| | 


4 4 
II. Supernatant layers (A and B) diluted with 2.5% Subnatant layers (C and D) 
NaCl, step I repeated, diluted again to 3% yolk discarded (one third of yolk 
solids, and extracted with ethyl ether at —1°C solids) 
| 
| 





| 


III. Aqueous phase dialyzed against acetate buffer Ether phase discarded (four 





(u = 0.1, pH 4.3) and centrifuged fifths of floating material) 
IV. Supernatant adjusted to 10% of saturation with Precipitate 


(NH,)2SO, and centrifuged as above 





| 





| 
; = t 
V. Supernatant simultaneously dialyzed and concen- Precipitate 
trated at 4°C. Centrifuged at 78,400 g for 2 hours . P 
before use 
Supernatant contains SOLUBLE FRACTION INSOLUBLE FRACTION 
Results 


Chemical Analyses 


Results of chemical analyses are summarized in Table II. The standard 
errors given represent the difference between preparations since the analytical 
errors were small by comparison. The yield of soluble material was variable 
and represented about 30+5% of the total material recovered after ether 
extraction. The soluble material as separated may have represented a higher 
proportion as inevitable losses occurred during concentration and purification. 

Comparison of results obtained on freshly prepared material with those on 
stored samples showed differences in the nitrogen and phosphorus contents 
of the protein (Table II). Presumably the solubility of the lipid portion was 
reduced by oxidation during storage. Extraction of the lipid from the stored 
material at room temperature and with chloroform—methanol (2:1) gave 
similar results to the usual procedure. 

The insoluble fraction, representing from 65 to 75% of the total, had a lipid 
(43%), protein nitrogen (14.9%), and protein phosphorus (0.24%) content 
similar in composition to whole lipovitellenin (5). The soluble fraction had a 
higher lipid (53%) and protein phosphorus (0.44%), but a lower protein 
nitrogen (13.9%) content. No phosvitin could be detected in the soluble 
fraction by magnesium sulphate precipitation (15) nor were any other im- 
purities revealed by the physical methods. Considering the method of prep- 
aration, however, the differences in the protein phosphorus and nitrogen 
contents must be interpreted cautiously. 
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TABLE II 


SUMMARY OF ANALYTICAL RESULTS 











Material Soluble fraction Insoluble fraction 

Lipoprotein 

Relative proportion, % 30+5 70+5 

Nitrogen content, % 7.9 9.3 

Phosphorus content, % 2.28 1.96 
Extracted lipid in stored preparations 

Proportion, % 49.8+0.32 39.7+2.4 

Nitrogen, % ey — 

Phosphorus, % 3.8 — 
Extracted lipid in fresh preparations 

Proportion, % 52.8 43.0 

Nitrogen, % 1.93 1.86 

Phosphorus, % 3.96 4.05 

N/P ratio, 1.08 1.02 

Lecithin (P X25), % 99 103 
Protein (lipid-free) in extracted stored preparations 

Nitrogen, % 12.4 — 

Phosphorus, % 0.89 — 
Protein (lipid-free) in extracted fresh preparations 

Nitrogen, % 13.9 14.9 

Phosphorus, % 0.44 0.24 





Note: Standard error applicable to a single preparation as % of mean. N =4.0%; P=2.5%. 


The phosphorus and nitrogen contents of the lipids in the two fractions 
indicate that they are all phospholipids. Supplementary analysis showed 
they contained 75.3% choline-containing lipid (lecithin). If lecithin and 
phosphatidyl—ethanolamine are in the proportions of 5.3 to 1, as indicated by 
Hawke and Lea (25), for whole egg yolk, the choline content indicates a total 
phospholipid content of 90%. Considering the assumptions involved, the 
phosphorus and choline contents indicate that 90% or more of the lipids are 
present as phosphatides. 


Physical Measurements 

The results of the physical measurements on the soluble fraction are sum- 
marized in Table III. Most of these are mean values obtained on three or 
more independent preparations. Since it was impossible to make all 
measurements on a single preparation within an acceptable period, the 
reported standard error applicable to these means includes the differences 
between preparations. 

Although the refractive index increment is lower (1.64 10-* dl/g) than that 
of a protein, the low standard error indicates that estimates based on this 
quantity (concentration, light scattering, etc.) should be reasonably accurate. 
The specific volume (é) is high (0.88 ml/g) and the buoyancy factor (1—d,) 
in the sedimentation equation correspondingly small (0.12). Here the small 
error in 3 introduces an uncertainty of at least 5% in molecular weights 
obtained by sedimentation methods. 
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TABLE III 


SUMMARY OF PHYSICAL MEASUREMENTS ON SOLUBLE FRACTION 











Total soluble Light fraction* 
Property material (38% of soluble material) 

dn/dcX 105, dl/g 

At 5890 A 163.7 +0.58 168 

At 4360 A 167 169 
3, ml/g 0.878 +0.0039 — 
{n] X 102, dl/g 6.62 +0.22 — 
Doo, « X10", cm*/sec 3.47 +0.065 - 
S%o. w. Svedbergs 4.3 4.2 
Molecular weight X 10~ 

From S$. «and D (M,) (2.4) — 

From S%, « and [9] (M ~)T (2.6) 

From Archibald’s method (M_,,) — 3.4 

From light scattering (M ~) 5.4 +0.16 3.8 

From osmotic pressure (M,) 3.4 +0.12 — 





*Obtained by centrifuging 5 hours at 69,600 g. 
TUsing Scheraga—Mandelkern equation (27) 8 =2.12 K106, 


Diffusion coefficients measured on the whole soluble fraction at 20° C 
yielded a linear relation between (A H/nf)? (17) vs. time (Fig. 2) and indicate 
that the material is stable at this temperature over a 60-hour period. The 
mean value, 3.47+0.065 10-7 cm?/sec, includes measurements at several 
concentrations on three preparations. This result is comparable with the 
diffusion coefficient of lipovitellin (26) having a similar molecular weight. 
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Fic. 2. Diffusion measurements on soluble fraction with time at 20° C. 
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Fic. 3. Viscosity (A) and sedimentation (B) measurements on soluble fraction in 
acetate buffer (u=0.1) except as indicated. Symbols indicate different preparations. 


A plot of the reduced viscosity vs. concentration is given for two prepara- 
tions in Fig. 3, A and the mean value as c—0 is given in Table III. Although 
the difference between preparations is 6%, no additional information was to 
be expected from measurements on other preparations. 

The sedimentation coefficients were reproducible with different preparations, 
were independent of ionic strength over the range 4 =0.05 to 0.3, and showed 
moderate concentration dependence (Fig. 3, B). They were only slightly 
higher in acetate buffer at pH 3.9 (S=4.5) and glycine buffer at pH 9.0 
(S=4.7) than in the usual solvent. Nevertheless, when the observed coef- 
ficient was used in combination with viscosity (27) or diffusion coefficients to 
compute the molecular weight, the values obtained were substantially lower 
than those obtained by all other methods. This discrepancy is apparently 
due to the heterogeneity of the solutions. It was observed that some material 
had sedimented before the boundary was formed sufficiently to permit area 
measurements, but there was no evidence of subsequent loss from the boundary. 
The initial loss of heavy material was too small to account for the relatively 
low sedimentation coefficients. 

Since Archibald’s (28) approach-to-equilibrium sedimentation technique 
can be performed at lower speeds, this should reduce fractionation. Again, 
it was found that the material was too heterogeneous to permit a choice of 
rotor speed, time of operation, etc., that would enable a simultaneous sequence 
of measurements to be made at both the base and meniscus. While the 
results provided unequivocal proof of the heterogeneity, the only crude 
quantitative information obtained was that M,, the weight average molecular 
weight (meniscus), lies between 4 and 6 X 10° after 4 hours’ operation at 1560 g. 

To permit some estimate of the molecular weight by sedimentation pro- 
cedures, the soluble material was fractionated by centrifuging the solution in 
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Fic. 4. Molecular weight of “heavy” and “light” fraction by Archibald’s method. 


a preparative machine for 5 hours at 69,600 g and carefully removing the solu- 
tion in the top half of the tube. This yielded a “‘light’”’ fraction representing 
38% of the soluble fraction, and a “heavy”’ fraction of 62%. Molecular 
weights of these fractions were obtained by the Archibald method at 4800 g 
and the results appear in Fig. 4. Readings during the first hour of operation 
were too irregular to be useful. Subsequently the values for the “‘light’”’ 
fraction at the meniscus were constant with time (M,,=3.3X10°) while those 
at the base increased from 3.4X10° at 1.1 hours to 4.4 after 4 hours. The 
meniscus values for the ‘“‘heavy”’ fraction decreased from 3.8 to 3.4105 over 
the same time interval. Only two readings were possible at the base for this 
“heavy” fraction, since the accumulation of heavy material gave a shadow 
that made further readings impossible. Had the results been extrapolated 
to zero, it is apparent (Fig. 4) that the meniscus and base values would have 
crossed at about the time of the first reliable reading (1.1 hours). This 
behavior has been observed by others (18) and is doubtless due to the nature 
of the material and the choice of sedimentation conditions. Evidently the 
“light” fraction representing 38% of the soluble material has an average M, 
of 3.4X10°. This was confirmed by light-scattering measurements on this 
fraction (M,=3.5 105). 

The molecular weights obtained from the light-scattering measurements are 
considered to be the most reliable. The results were found to be quite repro- 
ducible, and the stability of the material was indicated by a negligible change 
in the scattering values during a 2-hour period in the cell, or during storage 
over 3-week periods at 4°C. With this method the limitation lies in the 
possibility of a systematic bias toward high values, since the solutions could 
not be filtered by the established methods (29) prior to measurement. Such 
filtration always produced a small amount of a fibrous precipitate, presumably 
due to denaturation of the material on the sintered glass. The solutions were 
clarified by the centritugal procedure described (2 hours at 78,400 Xg) and a 
few measurements made on the “‘light’’ fraction prepared as described earlier. 
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Scattering measurements were made initially in a cylindrical cell but when 
the dissymmetry was found to be low (1.13 to 1.18), a number of the later 
measurements were made in a rectangular cell. The value of K in the light- 
scattering equation was evaluated from the observed quantities and the 
equation 

K = 21?n,?(dn/dc)?/ N44 =4.54X 10-7, 
where mo=refractive index of solvent, dn/dc=refractive index increment, 
N =Avogadro’s number, and \= wavelength of incident light. 

The results (Table III) yielded a weight average molecular weight, M,= 
5.4+0.16X10°. This is the average of the results obtained in duplicate on 
four independent preparations. The error reported is applicable to the mean 
of the intercepts of the Kc/Rgo vs. concentration plots, of which Fig. 5, A 
is representative of the results before correction for dissymmetry. Neither 
storage of solutions for upwards of 3 weeks at 4° C nor standing in the cell 
for several hours at room temperature caused changes which exceeded the 
differences between preparations, the main source of variation represented by 
the standard error. While the observed dissymmetry is low, it is significant, 
and comparison with the estimated molecular dimensions suggests that at 
least some of the particles in this polydisperse system are not spherical. This 
result might be expected if part of the polydispersity arises from aggregation. 

In spite of the large molecular size, osmotic pressure measurements were 
undertaken to obtain an estimate of the number average molecular weight 
(M,) of this polydisperse material. The results, plotted in Fig. 5, B, show 
the reproducibility of the results with different preparations, and the practical 
absence of concentration dependence. With this polydisperse solution M,= 
3.4+0.12 10° (Table III) is consistent with the M,, value obtained by light 
scattering. 
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Discussion 


The separation of the lipid and lipoprotein moieties in the floating fraction 
of egg yolk by ether extraction reduces the solubility of the lipoprotein. 
After such extractions lipovitellenin is described as soluble in ether-saturated 
solvents, but precipitates when the ether is removed (5). Lipovitellenin was 
soluble in glycine buffer (pH 9.0, 4 =0.3) without ether, but ultracentrifugal 
analysis showed the material was exceedingly polydisperse. Most mild 
solvents, including sodium chloride solutions, only retained about a third of 
the material in solution on removal of the ether, and the precipitated portion 
had a negligible solubility in ether-saturated or indeed any mild solvent. 


The chemical analyses made indicate that the precipitated material is 
similar to whole lipovitellenin (5). While the soluble and insoluble materials 
differ in minor respects, the soluble material was never precipitated during 
preparation and could accumulate soluble impurities. Consequently the 
higher lipid content (53%) of the soluble portion (compared to 43% for the 
insoluble) is the only difference likely to have significance. The result suggests 
a relation between lipid content and solubility rather than the presence of two 
basically different protein fractions, an observation senda by end group 
determinations (30). 

Although the soluble material was treated with ammonium sulphate to 
remove the more readily precipitated material, subsequent quantitative studies 
showed that the solutions were polydisperse. Thus the M, (5.4105) ob- 
tained by light scattering was 1.6 times the M, (3.4105) obtained from 
osmotic pressure. The sedimentation procedures confirmed the polydis- 
persity of the solutions but failed to confirm the quantitative results. While 
the sedimentation coefficients were quite reproducible, the molecular weights 
computed from these, and diffusion or viscosity coefficients, were always lower 
(M,, ca. 2.4X 10°) than those obtained by other methods. It was also impos- 
sible to obtain quantitative results on the entire soluble fraction by Archi- 
bald’s (28) approach-to-equilibrium procedure. On fractionation of the mat- 
erial by centrifugation to reduce the heterogeneity, comparable molecular 
weights were indicated by Archibald’s sedimentation (M,=3.4 10°) and 
light-scattering (M,,=3.5 10°) procedures on the “‘light”’ fraction. 

The sedimentation coefficient and molecular weights indicated by light- 
scattering and sedimentation methods yield frictional ratios of 1.0 and 1.4 
respectively. The first supports other evidence for a spherical molecule but 
the latter indicates substantial elongation or solvation. This underestimation 
of size by the sedimentation methods rather than hydration may account for 
the high frictional ratio observed for this and other lipoproteins (31). 

The observed polydispersity may originate with the natural lipid—protein 
complex but in this isolated fraction it seems more probable that it was pro- 
duced by ether extraction. Polydispersity could arise: from the kinetic units 
having a different lipid content; by differential cleavage of the natura 
complex if it contained more than one protein unit; and by aggregation of 
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unstable material. The existence of a soluble and an insoluble fraction of 
different lipid content shows that lipid extraction is differential and that 
aggregation occurs. Both these conditions are to be expected in lesser degree 
in the soluble material. A variation in lipid content would appear to be the 
only form of polydispersity that would explain the abnormal results obtained 
by sedimentation velocity. 

Since the protein entity is responsible for the differential density (1—dp) in 
a sedimenting lipoprotein, the addition of lipid beyond the mean value will 
increase the molecular weight, but the decrease in specific volume will result 
in little net change in the sedimentation rate. Thus the per cent change in 
the molecular weight with changes in lipid content will be: 


any She 
100—L, 

where L, is the assumed lipid content of a portion of the molecules and L,, 
is the known mean value expressed in per cent. Thus the molecular weight 
of molecules of 40% lipid content will be 16.7% lower and those of 60% 
lipid, 25% higher than those with a mean value of 50% lipid. The effect of 
lipid content on the specific volume was estimated by plotting the values 
obtained for lipovitellin (26), the present soluble fraction, and the entire rising 
fraction (24) against their lipid content in per cent (20-90%), and the essen- 
tially linear relation obtained had a slope of about 0.003 ml/g/% lipid. For 
molecules of 40, 50 (mean), and 60% lipid content, the corresponding buoyancy 
factors (1—vp) are therefore 0.15, 0.12, and 0.09. Since the mean value was 
used for computing sedimentation coefficients, the size of molecules having 
40% lipid would be overestimated by 25%, and those containing 60% lipid 
underestimated to the same extent. Thus in this range of lipid content the 
changes in size are offset by changes in differential density and the sedimenta- 
tion rate remains unchanged within experimental error. 





This explanation of the low sedimentation rate assumes that the protein 
moiety is comparatively uniform in size. If correct, it shows that in addition 
to the high random error inherent in sedimentation velocity methods applied 
to materials of high specific volume, even more serious systematic errors may 
occur with lipoproteins of variable lipid content. If the protein moiety is 
also polydisperse, the distribution of /, about its mean may be independent 
of the distribution of v about its mean. Since the material could be frac- 
tionated to some extent by preliminary centrifugation, and Archibald’s 
method, which depends on the same parameters as sedimentation velocity, 
gave results on a “‘light’’ fraction comparable with those obtained by light- 
scattering methods, some factor other than lipid content may be a secondary 
cause of polydispersity. Otherwise the polydispersity in the protein moiety 
and the possibility of cleavage during ether extraction have yet to be 
established. 

The degree of heterogeneity observed precludes a quantitative estimate of 
the molecular shape. The low viscosity and practical absence of concentra- 
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tion effects for the other measurements suggest an essentially spherical mole- 
cule. The indications of slight elongation given by certain methods could 
result from the aggregation of spherical molecules. 

Lipovitellenin prepared by ether extraction and having a lipid content 
below 55% is evidently a product derived from a lipid—protein complex having 
a higher lipid content in its natural state. Ether is reported (1, 4) to extract 
the ‘‘free’’ lipid, but the degraded solubility and behavior of the extracted 
lipoprotein indicate the removal of stabilizing lipid from this entity. The 
natural lipid—protein complex floats, but the specific volume of lipovitellenin 
shows it would sediment in all solvents with a density below 1.14. Clearly, 
lipovitellenin does not exist in this form. in the floating fraction, nor can its 
behavior be fully explained by postulating the existence of micelles with which 
it interacts. 
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N-TERMINAL AMINO ACIDS OF THE PROTEINS OF THE 
FLOATING FRACTION OF EGG YOLK! 


Davip B. SmiTH AND K. J. TURNER? 


Abstract 


Lysine is the major N-terminal amino acid of both the soluble and insoluble 
fractions of the floating lipoprotein of hen’s egg yolk, which suggests a common 
primary structure. Several minor components are also present in both fractions. 


Introduction 


When the floating fraction of egg yolk is extracted with ethyl ether, part of 
the lipoprotein becomes insoluble (1). This raises the question as to whether 
there are differences between the protein moieties of the soluble and insoluble 
lipoprotein fractions. Identification of the N-terminal amino acids should 
supply information on this point. 

Sanger’s method (2) of labelling the N-terminal amino acids of the defatted 
proteins (1) of the soluble and insoluble fractions was used. Dinitrophenyl- 
(DNP-) amino acids were extracted with ether from hydrolyzates of the DNP 
proteins and freed from excess dinitrophenol by vacuum sublimation (3). 
The DNP-amino acids were separated by chromatography in two dimensions 
on Whatman No. 4 filter paper impregnated with pH 6 phthalate buffer (4). 
The solvents used were first, tertiary amyl alcohol saturated with the phthalate 
buffer (4) (descending) and second, 1.5 M pH 6 phosphate buffer (5) (ascend- 
ing). Suitable control DN P-amino acids were run alongside to permit identi- 
fications. The major spot, N,N-di-DNP-lysine, was also distinguished from 
N,O-di-DNP-tyrosine by using the ‘‘toluene’”’ solvent of Biserte and Osteux 
(6). The DNP-amino acid spots were eluted into water and estimated quanti- 
tatively from optical density measurements at 360 my. The results were 
expressed as molar ratios using the factors of Levy (5) and are listed in Table I 
as percentage of total DNP-amino acids recovered. The extent of loss or 
destruction of these amino acids was not determined. 

Lysine is clearly the major N-terminal amino acid with both the soluble and 
insoluble fractions of this lipoprotein preparation. The insoluble fraction 
also bears appreciable N-terminal leucine and/or isoleucine, which is not 
detectable in the soluble fraction. The other minor components, glutamic 
and/or aspartic acid, serine, threonine, and alanine are present in larger 
amounts in the soluble fraction. 

The common N-terminal amino acid (lysine) suggests that the primary 
structures of the major components of the fractions are similar. The pre- 
sence of the minor components shows that both fractions are mixtures. These 
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TABLE I 


RELATIVE AMOUNTS OF RECOVERED DNP-AMINO ACIDS 





Soluble fraction Insoluble fraction 

Amino acid (©¢ of total moles recovered) 
Lysine 65 a4 
Aspartic and/or glutamic acid 8 6 
Serine 10 5 
Threonine 2 1 
Alanine 15 5 
Leucine and /or isoleucine 0 9 





minor components could arise either from the presence of other yolk proteins 
as impurities or as a result of proteolytic enzyme activity during preparation. 
Considering the method of preparation (1) and the limited extent to which 
these lipoproteins can be purified without losing solubility, it is more reason- 
able to regard them as impurities. 

These results are in accord with the solubility differences being not due to 
differences in the primary structure of the major components of these two 
lipoprotein fractions. Differences in the configuration of the polypeptide 
chains and in the amount and nature of lipid association may account for the 
solubility properties. 
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ACTIVATION OF FACTOR VII BY ASBESTOS IN 
BEEF PLASMA AND SERUM! 


L. G. IsRAELS, E. FRIESEN, AND C. SINCLAIR 


Abstract 


The adsorption of beef plasma on asbestos markedly shortens the one-stage 
prothrombin time of the plasma when tissue thromboplastin is used as the throm- 
boplastic agent. This adsorption on asbestos does not affect the Russell viper 
venom time of the plasma. The adsorbed plasma exhibits increased factor VII 
activity over that of the original plasma. An eluate can be prepared from the 
asbestos which prolongs the one-stage prothrombin time of beef and human 
plasma. 


Introduction 


There is much interest in the phenomenon of the initiation of coagulation 
by contact with foreign surfaces. Many investigators have demonstrated 
that the exposure of plasma to glass, quartz, or asbestos can ‘‘activate’’ or 
produce a clot-promoting activity in plasma (2, 4, 9, 12, 13,15). The mode of 
activation has not been established. Fiala (2) was able to demonstrate that 
adsorption of an inhibitor had taken place. However, subsequent workers 
using other methods have been unable to recover an inhibiting substance from 
the adsorbing surface (12, 13). 

Laboratories interested in blood coagulation have a special interest in the 
clotting mechanism of bovine plasma. Because it is available in large 
quantity, beef plasma is widely used as a reagent in the preparation of many 
coagulation factors and substrate plasmas. It is well known that the one- 
stage Quick prothrombin time of beef plasma is considerably longer than that 
of human plasma. On investigation of this species difference it was found 
possible to shorten the prothrombin time of beef plasma by asbestos adsorp- 
tion. Following adsorption, beef plasma and serum showed a markedly 
increased factor VII activity. An eluate could be prepared from the asbestos 
which in turn was able to prolong the one-stage prothrombin time of beef and 
human plasma. 


Experimental 


1. Beef plasma and human plasma were prepared from blood collected in 
siliconized glassware. The blood was taken into 1.34% sodium oxalate in 
the ratio of 9 parts blood to 1 part anticoagulant. The blood was centri- 
fuged at 3500 r.p.m. for 30 minutes and the plasma removed. Beef and human 
serum were prepared from whole blood allowed to clot at 37° C. 
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2. Thromboplastin: (a) The tissue thromboplastin used throughout the 
study was an acetone extract of human brain prepared by the method of 
Koller, Loeliger, and Duckert (7). (6) The Russell viper venom used was an 
0.1% solution of Stypven“? in 0.9% saline. 

3. The one-stage prothrombin time was determined by the method of 
Quick (10) using human brain thromboplastin. These results shall be referred 
to subsequently as the prothrombin time. An identical one-stage technique 
was carried out substituting Russell viper venom for brain thromboplastin. 
These results will be referred to as the Russell viper venom time. 

4. Prothrombin was estimated by the one-stage method of Koller, Loeliger, 
and Duckert (7) using a prothrombin-free substrate of tricalcium phosphate 
adsorbed beef plasma mixed with human serum. 

5. Factor V was measured by the one-stage method of Stefanini (14) using 
a factor V-free substrate of aged beef plasma and aged human plasma. 

6. Factor VII was assayed by the one-stage method of Koller, Loeliger, and 
Duckert (7). The factor VII-free plasma was prepared by charcoal filtration 
as described by Adamis, Sise, and Kimball (1). In all assays normal values 
and calibration curves were determined for both human and bovine plasma. 
It is probable that this method is not specific for factor VII and we shall refer 
to these results as ‘‘factor VII activity” (5). 

7. Asbestos plasma: Thirty milliliters of bovine or human plasma was 
added to 2.5 g of Gooch grade acid-washed asbestos fiber in a siliconized glass 
beaker. The beaker contents were thoroughly mixed and allowed to stand 
for 15 minutes at room temperature. The supernatant plasma was then 
decanted and the remaining plasma was separated from the asbestos by centri- 
fugation at 3000 r.p.m. for 10 minutes. This plasma will be referred to as 
asbestos-adsorbed human plasma and asbestos-adsorbed bovine plasma. Beef 
serum was also adsorbed in a similar manner and is referred to as asbestos- 
adsorbed beef serum. 

8. Elution: Following removal of the plasma the asbestos was washed twice 
with 0.9% saline, once with 0.006 M sodium citrate, and finally eluted with 
20 ml of 0.14 M sodium citrate (pH 7.8). The ‘“‘control’’ was prepared at the 
same time by soaking 2.5 g of asbestos in 30 ml of 0.9% saline for 15 minutes 
and then washing and eluting with citrate in the same manner. 

9. Antithrombin activity of plasma, serum, and the citrate eluates was 
assayed by the method of MacFarlane (8) against a standard solution of 
thrombin. 


Results 


Table I lists the values obtained for the prothrombin time of human and 
beef plasma before and after asbestos adsorption. The one-stage prothrombin 
time for human plasma ranged from 12 to 13 seconds with a mean value of 
12.5 seconds and was not changed by asbestos adsorption. The one-stage pro- 
thrombin time of beef plasma had a mean value of 19.0 seconds with a range 
of 16-23 seconds in 30 determinations on separate samples of bovine plasma. 
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TABLE I 


THE ONE-STAGE QUICK PROTHROMBIN TIME OF 6 HUMAN AND 30 BOVINE 
PLASMAS BEFORE AND AFTER ADSORPTION WITH ASBESTOS 








Prothrombin time in seconds 








Asbestos- Asbestos- 
adsorbed adsorbed 
Human plasma human plasma Beef plasma beef plasma 
Range 12-13 12-14 16-23 9-15 
Mean 12.5 2.2 19.0 12.6 





Following asbestos adsorption the prothrombin time decreased in all samples. 
The mean value fell to 12.6 seconds with a range of 9-15 seconds. Asbestos 
adsorption produced no change in antithrombin level. 

The Russell viper venom times of seven different beef plasmas ranged from 
8 to 10 seconds with a mean of 9.6 seconds. Following asbestos adsorption 
the mean Russell viper venom time was 9.6 seconds with a range of 8-10.5 
seconds. Although asbestos adsorption accelerated the one-stage prothrombin 
time when tissue thromboplastin was the thromboplastic agent, this accelera- 
tion was not seen when Russell viper venom was the thromboplastic agent. 

The results of quantitative determinations of prothrombin and factor V in 
beef plasma and in asbestos-adsorbed beef plasma and serum are given in 
Table Il. The prothrombin and factor V content of the beef plasma did not 
change on asbestos adsorption. The factor VII activity of six samples of 
beef plasma and beef serum before and after asbestos adsorption are given in 
Table III. The factor VII activity was increased in the asbestos-adsorbed 
beef plasma and beef serum in each sample. The beef plasma increased its 
factor VII activity from 110% to 151%. Beef serum, which gave a mean 
factor VII assay time of 30.8 seconds or 190% (as compared with beef plasma), 
rose in activity to a mean of 23 seconds or 270% following asbestos adsorption. 
It would be difficult to ascribe this increase in factor VII activity to the-addi- 
tion of a factor VII-like substance from the asbestos and so it was postulated 
that the asbestos had removed a factor VII inhibitor from the plasma and 
serum and this was reflected as an increase in factor VII activity. 


TABLE II 


MEAN VALUES, RANGE, AND ACTIVITY OF PROTHROMBIN AND FACTOR V 
OF SIX BEEF PLASMAS BEFORE AND AFTER ASBESTOS ADSORPTION 














Prothrombin Factor V 
Before After Before After 
adsorption adsorption adsorption adsorption 
Range, seconds 20-24 20-24 13-16 13-16 
Mean, seconds 22 21.6 14.3 14.3 


Mean activity, % 80 82 80 80 
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TABLE III 


Factor VII ACTIVITY OF SIX SAMPLES OF BOVINE PLASMA AND SERUM 
BEFORE AND AFTER ASBESTOS ADSORPTION 








Clotting time in seconds 


Asbestos- 


Asbestos- 











adsorbed adsorbed 
Beef plasma beef plasma Beef serum beef serum 
Range 38-50 29-44 29-35 21-25 
Mean 44.2 Jo.9 30.8 23 
Mean activity, % 110 151 190 270 
TABLE IV 


EFFECT OF ADDITION OF ASBESTOS ELUATE ON PROTHROMBIN TIMES OF 
10 HUMAN AND 5 BOVINE PLASMAS 








Prothrombin time in seconds 





Control eluate Asbestos eluate Control eluate Asbestos eluate 
plus plus plus plus 


human plasma human plasma beef plasma beef plasma 
Range 17-33 27-70 37-60 83-155 
Mean 24.4 44.1 44.6 109.6 





The plasma-soaked asbestos was washed with saline and eluted with 0.14 M@ 
sodium citrate. This citrate eluate was added in a volume of 0.1 ml to 0.1 ml 
of human or bovine plasma, thoroughly mixed, and a prothrombin time 
was performed on 0.1 ml of this mixture. The citrate control eluate was 
handled in a similar fashion. The results are shown in Table IV. It is seen 
that the prothrombin time with the test eluate was prolonged over that of 
the control, indicating the presence of an inhibitor. The mean value for the 
human plasma controls was 24.4 seconds and this was prolonged to a mean 
value of 44.1 seconds in the presence of the asbestos plasma citrate eluate. 
Similarly in beef plasma the mean values were prolonged from 44.6 to 109.6 
seconds. Analysis of paired data shows this prolongation to be highly signi- 
ficant. Prolongation of the prothrombin time of control plasmas over that 
of normal human and bovine plasma is due to the presence of citrate in the 
control eluate. The asbestos plasma citrate eluate showed no antithrombin 
activity. 


Discussion 


The Seitz filtration of plasma through a 20%-30% asbestos pad is a com- 
mon method used to deplete beef plasma of factor VII (7). That the exposure 
of plasma and serum to asbestos under other physical conditions should 
increase factor VII activity as demonstrated by the one-stage technique is an 
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interesting phenomenon. Fell et al. (3) demonstrated that the “SPCA-pre- 
cursor activity’’ of Seitz-filtered plasma increased as the volume of plasma 
passing through the pad increased and was only depleted in the first 100 ml 
of plasma passing through the filter. The contact of citrated plasma with 
asbestos has been shown to shorten the cephalin clotting time of normal and 
hemophilic human plasma (15). This acceleration has been thought to be 
due to the adsorption of plasma anticephalin by the asbestos. 

An increase in factor VII activity in human plasma mixed with quartz glass 
powder was reported by Rapaport, Aas, and Owren (12). This “glass- 
activated”’ plasma had a shorter Quick prothrombin time than untreated 
plasma but the Russell viper venom time was unaltered. The ‘“‘glass-activated”’ 
plasma had the same factor V and prothrombin activity but a much higher 
factor VII activity than normal human plasma. These workers postulated 
that quartz (silicon dioxide) had adsorbed and removed an inhibitor from the 
main body of the factor VII molecule so that the resultant plasma contained 
“active proconvertin’’. Fiala (2) was able to shorten the clotting time of 
human plasma by adsorption with glass or celite (siliceous earth). A factor 
VII inhibitor in human plasma was demonstrated by Jurgens (6) by incubat- 
ing purified factor VII with defibrinated BaSO,-treated plasma and then assay- 
ing the residual factor VII activity. The inhibitor was demonstrated in both 
plasma and serum but the activity was greater in plasma. 

In the present series of experiments a marked shortening in the one-stage 
prothrombin time of bovine plasma was noted following asbestos adsorption. 
This shortening in prothrombin time from 19 seconds to 12.6 seconds represents 
an increase in activity of about 100%. The Russell viper venom time was 
8-10 seconds on normal bovine plasma and was not changed by asbestos 
adsorption. This suggested that the asbestos had brought about some change 
in the plasma to which tissue thromboplastin was sensitive but Russell viper 
venom was not. Although tissue thromboplastin is very sensitive to changes 
in the plasma concentration of factor VII, Russell viper venom times are not 
affected by the factor VII concentration (11). This accelerated tissue throm- 
boplastin prothrombin time indicated a probable increase in factor VII 
activity in the asbestos-treated bovine plasma. Changes in the concentration 
of Stuart factor are unlikely as these would be reflected as an altered Russell 
viper venom time (5). The assays of the bovine asbestos plasma for pro- 
thrombin, factor V, and factor VII activity (Table II) confirmed the increase 
in factor VII activity. The factor VII activity of bovine serum was also 
greatly increased by asbestos adsorption. Human plasma and serum and 
dicoumarol plasma were unchanged by similar treatment. On elution of the 
asbestos with citrate it was possible to obtain an eluate which possessed no 
antithrombin activity but prolonged the one-stage prothrombin time of beef 
and human plasma. The elution of this inhibitor substance is in agreement 
with the hypothesis advanced by Rapaport, Aas, and Owren (12) although 
they were unable to demonstrate experimentally the existence of such an 
anticoagulant. 
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THE ELECTRICAL PROPERTIES OF THE SMOOTH MUSCLE 
CELL MEMBRANE! 


E. E. DANIEL AND H. SINGH 


Abstract 


In myometrium from pregnant cat, repetitive action potentials have been 
recorded during contraction. Using intracellular electrodes the depolarizations 
averaged 35 mv. Maximum rate of depolarization was 1-2 v/sec and the 
action potential duration varied from 250 milliseconds to much longer periods. 
Membrane reversal of up to 10 mv sometimes occurred. Total resistance 
decreased during depolarization and recovered during repolarization. Typical 
biphasic potentials were also recorded with extpeniiier electrodes. Their 
amplitude (peak to peak) varied from 0.3 to several millivolts and their duration 
(peak to peak) from 10-40 milliseconds. Reduction of external sodium con- 
centration to as little as one-ninth normal (choline chloride or sucrose replace- 
ment) did not reduce the amplitudes of the resting or action potentials measured 
intracellularly or extracellularly, but decreased the action potential frequency. 
Membrane reversal still occurred with intracellular electrodes and the maximum 
rate of depolarization was unchanged. The rate of repolarization was decreased 
so that the total duration of the action potential was 150 to 200 milliseconds. 
With extracellular electrodes, the peak to peak amplitudes were increased and the 
durations were unchanged. Further reduction of external sodium concentra- 
tion to less than 15-20 meq/liter caused a contraction without further change 
in action potential configuration. Gradual relaxation and slowing of the repe- 
tition rate of action potentials occurred and resulted eventually in complete 
mechanical and electrical inactivity. 

Rabbit taenia coli were also studied and their electrical properties contrasted to 
those of cat myometrium. The conclusions were reached that: (1) the available 
evidence opposes the hypotheses that an inward sodium current accounts for 
depolarization in smooth muscle and (2) smooth muscles differed in their electrical 
properties and mechanisms of ion distribution not only from striate muscles but 
also from one another. 


Experiments reported below indicate that the electrical properties of mam- 
malian smooth muscle cell membranes do not conform with generally accepted 


views as to the origin of the resting and action potentials of many other excit- 
able tissues (1, 2). 


Methods 


Transmembrane or extracellular potentials and isometric tension during 
spontaneous contractions were recorded simultaneously (3). Longitudinal 
muscle strips from pregnant cat uteri were the primary objects of study. 
Because the results obtained differed somewhat from those reported for guinea 
pig taenia coli (4) attempts also were made to study this tissue. Satisfactory 
extracellular records were obtained confirming the reported relationship be- 
tween tension and spike frequency. However, the rabbit taenia coli proved 
more satisfactory for recording transmembrane potentials and its properties 
have been compared to those of cat uterus. In addition, parallel studies have 
been made of extracellular potentials in the rat, rabbit, and guinea pig uteri 
with results similar to those in the cat (5). 


1Manuscript received January 23, 1958. 
Contribution from the Department of Pharmacology, University of British Columbia, 
Vancouver, B.C. Supported by a grant from the National Research Council of Canada. 


Can. J. Biochem. Physiol. 36 (1958) 
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Intracellular Recording 

Microelectrode recordings were obtained by using the floating microelectrode 
technique (6) since even isometric recording arrangements did not guarantee 
immobility of smooth muscle strips unless extreme tensions were used. The 
method was modified by using 0.003-in. diameter platinum wire instead of 
tungsten. An electrometer tube (Victoreen No. 5803) was mounted in the 
probe tip and served as the first stage of the input. After suitable amplifica- 
tion, tracings were recorded with a Sanborn twin-channel oscillograph. The 
frequency response of the complete system (0-60 c.p.s.) was limited by the 
writing pens, but was adequate for the relatively slow changes occurring in 
smooth muscle. The amplification system was similar to that previously 
described (7) except that bucking potentials were used in cancelling out 
junction potentials in this study. Care was taken to correct for significant 
shunting through a 1000-meg grid leak resistor. The microelectrode resist- 
ance and the d-c. resistance of the source were measured by observing the 
shunting effect of the 1000-meg grid leak on applied voltages. Voltages from 
100 to 1200 mv of either polarity could be applied. Voltages of 100 and 300 
mv were used in most cases and did not result in appreciable polarization of 
the cell membrane when the microelectrode was inside a cell because of the 
high total resistance, 1000 meg plus microelectrode resistance plus resistance 
of cell and other constituents (solution, tissue, etc.) of the circuit. The total 
current flow was in the range of 10—" to 10-"' amp and the voltage drop across 
the cell membrane was usually very small since its resistance averaged 10 meg 
in a circuit containing over 1000 meg. Using this system, the resistances with 
the microelectrode tips in the Krebs—Ringer solution were 5—50 (usually 10—20) 
meg and in the cells 10-100 meg (usually 10-45). Translation of these values 
into specific resistance seemed undesirable because of uncertainties as to the 
cell area and because other resistances than that of the cell penetrated and 
the microelectrode contributed to the total resistance. 


Extracellular Recording 

Extracellular records were made from the outer surface of the longitudinal 
myometrium using glass electrodes with larger tips and filled with the same 
solution as the medium. The glass electrodes (ca. 200 yw, i.d.) were inserted 
on platinum wires and the signals they picked up were recorded, after suitable 
amplification, as above. This system had the following characteristics: 
maximum amplification 1 mv =4 cm, input time constant of 2.5 seconds. A 
platinum ground was used in the solution and polarity was arranged so that 
upward deflections were positive with respect to ground. 


When spread of activity was being investigated, activities from two such 
electrodes were recorded simultaneously. These electrodes were placed at 
fixed distances parallel to the long axis of the uterus, care being taken to ensure 
that they both just touched the surface of the muscle. Records were accepted 
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only if the configurations of the action potentials were similar at both elect- 
rodes with a peak to peak deflection duration of 15-30 milliseconds and char- 
acteristic of conducted activity in a volume conductor. 


Satisfactory records from taenia coli were obtained only if smaller electrodes 
(50-100 yw i.d.) were used. 


Mechanical Recording 


Records of “‘isometric’’ tension were obtained using an RCA transducer 
(No. 5734) arranged to permit calibration by adding weights. At the time 
the present records were obtained, no backing-off device was used so that, in 
order to obtain suitable amplification of small tension changes, amplifications 
were employed which often placed the maximal tensions in the cut-off range 
at the top of the scale and caused incomplete recording of these. Tension 
records which were off scale or constant throughout have been omitted from 
a number of figures. 


Electrolyte Analyses 
The methods of analyses of Na, K, Cl, and H.O used are described in refs. 


8 and 9. Whittam’s method for tissue chloride (10) was substituted in some 
instances for the original methods. 


Solutions 


Substitution for sodium represented a problem in that no suitable substitute 
for the sodium bicarbonate was available. Therefore this component of the 
medium was omitted and as a consequence, bicarbonate concentration also 
decreased significantly and the medium became slightly hypotonic as the 
sodium concentration was lowered. Bicarbonate was not essential for electri- 
cal and mechanical activity in the presence of normal sodium concentrations, 
but its absence may have contributed to the ultimate failure in very low sodium 
concentrations. This problem is being investigated further. The composi- 
tions of the fluids used are listed in Table I. 











TABLE I 
Krebs-Ringer, Choline-Ringer: Sucrose—Ringer, 

mM /1. mM /1. mM/1. 
Nat and choline 137.4 125.9 
K+ 5.79 6.23 6.23 
Cat 2.47 2.65 2.65 
Mgt 1.16 1.25 1.25 
i 125.1 137.4 11.5 
HCO; 21.9 0.0 0.0 
PO, 1.16 1.25 1.25 
SO, 1.16 i 1.3 
Glucose 49.2 52.9 52.9 
Sucrose - - 248.5 
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Results 


Resting Membrane Potentials 

In oxygenated Krebs-Ringer solution at 35° C, the transmembrane resting 
potentials of non-active smooth muscle from these tissues averaged 40-60 mv 
(interior negative). The relatively low resting membrane potentials in this 
medium (40-60 mv) cannot be explained on the hypothesis of free permea- 
bility to potassium ions, since extensive electrolyte analyses of these tissues 
indicate that much larger resting potentials would be expected at the K equi- 
librium potential (see Table II). Calculations employing the Nernst equation 
using a conservative estimate of the K intracellular: K extracellular ratio 
(no correction for extracellular fluid volume) of 22-24 predict resting mem- 
brane potentials of 80-82 mv at 35°C. Using various corrections for extra- 
cellular fluid volume, the ratios become greater than 40 and the predicted 
potentials greater than 100 mv. However, the effective potassium gradient may 
be less if intracellular chemical binding of potassium is appreciable. Chloride 
might be distributed at its equilibrium potentials since the ratio Cl,: Cl, 
found (about 3), leads to a predicted equilibrium potential of 27-28 mv and 
is subject to considerable error. These relationships will be dealt with in 
detail in a future publication. 


TABLE II 


TYPICAL ELECTROLYTE ANALYSIS 

















Knu,o,t Ket 

Nace Ch Ke H:O; Na*® Ch* K.* Nact Chet Ket Ke Ke 
Preg. cat uterus 71.1 73.5 68.3 796 150 125 4.2 _— 43.2 200.6 22.1 47.7 
Rabbit t. coli 69.4 64.7 85.7 797 145 109 4.8 — 37.4 262.1 22.4 54.6 
Guinea pig t. coli 71.2 65.0 89.0 785 145 109 4.8 — 39.1 295.8 23.6 61.5 





*Corrected for Donnan equilibrium and plasma solids. 

+A minimal ratio can be calculated by distributing the potassium throughout the tissue water and dividing by Ke. 

TSodium space used as extracellular space since chloride space larger. Even if these results are calculated in 
the basis that Cl and K are freely permeable and distributed as Ke/Ke=Cl-/Cle, values for extracellular space 
are still larger than sodium space in some cases. The use of sodium space as equal to extracellular space as done 
here probably overestimates the latter as indicated by the high values for Ke. 


Action Potentials in the Cat Uterus 

In pregnant cat uterus, repetitive action potentials (‘“‘spikes’’) regularly 
accompanied spontaneous contractions and averaged 20-40 mv in cells with 
initial membrane potential of 25-50 mv (Figs. 1 and 2). In contrast to the 
spikes of guinea pig taenia coli, frequency was not related to interspike mem- 
brane potential. Spontaneous contractions usually were not accompanied by 
noticeable changes in membrane potentials except those initiated by action 
potentials. Therefore, resting membrane potentials were not related to 
tension. Because of the tendency for the microelectrode to be expelled from 
the cell at the onset of contraction, the procedure usually followed was to 
insert the electrode just after the increase in tension and leave it in place until 
relaxation (as in Figs. 1 and 2). However, sufficient records during the onset 
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Fic. 1. Action potentials during the latter portion of a spontaneous contraction in 
longitudinal muscle of pregnant cat uterus. Note that these potentials of around 35 mv 
continue at about the same rate throughout the contraction. The mechanical record is 
off scale (i.e. in cut-off range) as described under methods during peak tension. Note 
that the duration of the action potentials varied but was not less than 250 milliseconds, 
and that there was no increase in interspike membrane potential on relaxation. Time 
mark at bottom every second in this and all subsequent intervals. 
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Fic. 2. Action potentials during spontaneous contraction of longitudinal muscle of 
pregnant cat uterus. This record shows the coupled spikes often recorded (see also 

ig. 5) and represents the lower values for resting and action potentials sometimes 
obtained. As a general rule, the longer the interval between two spikes, the larger the 
second spike and the faster its rate of depolarization. This record clearly indicates lack 
of correlation between interspike membrane potentials and tension. 
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Fic. 3. Train of action potentials accompanying spontaneous contraction of longi- 
tudinal muscle of pregnant cat uterus. The amplitude and rate of depolarization de- 
creased with each succeeding action potential. During the first action potential, the rate 
of depolarization was about 1 v/sec, the maximum usually found. The basis for the 
variations in the action potentials recorded intracellularly is not fully understood. This 
piece had been stored for 2 days in the cold and changes resulting from this procedure 
may have been involved in its inability to maintain the same rate of depolarization in 
succeeding action potentials. Note faster paper speed than in Figs. 1 and 2. 
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Fic. 4. Decrease in resistance during action potentials occurring during contraction 
of cat uterine muscle. Note that when 300 mv is applied before or during the upstroke 
of the spike (action potentials 2,3, and 5 compared to 1, 4, 6, and 7), the peak is displaced 
only about 0.4 to 0.5 cm in contrast to 0.7 to 0.9 cm displacement when this voltage was 
applied in the interval between spikes. The resistance was calculated to decrease from 
37 to about 29 meg. About 18 meg of this was attributable to the microelectrode. Pro- 
gressive recovery of resistance develops during repolarization, as exemplified in action 
potentials 3 and 5 


of contraction were obtained to permit the conclusion that no depolarization 
occurred at this time (see Fig. 5). The maximum rate of depolarization 
recorded from uterine smooth muscle cells was 1-2 v/sec, (Fig. 3). Reversal 
of the membrane potential occurred, but the magnitude was usually less than 
10 mv (see also Fig. 5). The duration varied from 250 milliseconds to much 
longer times when multiple spikes originated from a single depolarization. 
There was considerable variation in the spike potentials recorded intra- 
cellularly in cat uterus. For example, the first in a series of spike potentials 
sometimes was followed by a prolonged partial membrane depolarization 
interrupted by subsequent spikes which progressively decreased in amplitude 
and rate of depolarization during the gradual recovery of the initial resting 
membrane potential (Fig. 3). This usually occurred in pieces which had been 
stored in the cold before use. Spikes often were grouped in pairs (Figs. 2 
and 5A). In sequences of this type, which occurred in fresh uteri, the ampli- 
tude and rate of depolarization of the second spike varied directly with the 
interval between it and the first spike. In other fresh pieces of cat uterus, 
repolarization was complete after each spike and no sequential change in 
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Fic. 5. Recordings from cat uterus in which extracellular sodium salts were replaced 
by sucrose. AandB: control records; note overshoot in A and B and coupled spikes in A. 
C: 21 minutes in solution with one-half sodium replaced. Note increased rate of repolar- 
ization. D: 60 seconds in medium with all sodium replaced. E: 184 seconds after re- 
placement of all sodium. F: 411 seconds after replacement of all sodium. Overshoot 
occurred in all records in sodium-free solution. 


amplitude or rate of depolarization occurred (Figs. 1 and 5A). In all pieces 
of cat uterus the spike amplitude and rate of depolarization were roughly 
proportional to the magnitude of the initial membrane potential. Because of 
these variations, it was necessary to compare spikes which occurred at similar 


initial levels of membrane potential and which had the same relation to others 
in a series. 


Accompanying the action potentials in cat uterus were remarkable decreases 
in that portion of the input resistance not attributable to microelectrode 
resistance, (e.g. from 19 to 6-11 meg) with recovery during repolarization 
(Fig. 4). The interspike resistance was observed on two occasions and grad- 
ually increased during a spontaneous contraction and continued higher during 
relaxation and up until 2—4 seconds before the next contraction. 

Reduction in external sodium concentration to one-quarter that in Krebs 
solution by replacement of part of the sodium chloride of the medium by choline 
chloride or by sucrose did not impair contractility in response to drugs (acetyl- 
choline, epinephrine, histamine, and pitocin) in any of these tissues (4). In 
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Fic. 6. Spontaneous contractions and associated action potentials recorded with external 
electrodes in different sodium concentrations. The record at left is the initial portion of a 
spontaneous contraction in Krebs solution. The action potentials were of unusually 
large amplitude for Krebs solution. The middle record is a similar contraction after 
replacement of two-thirds of the sodium by choline for more than 35 minutes. The record 
at right was obtained after a similar duration of exposure to a solution in which eight- 
ninths of the sodium had been replaced by choline. Note slower frequency of action 
potentials in media with reduced sodium. In the last record the uterus maintained a 
persistently increased tension. This loss of the ability to relax occurred in rat uteri at 
50% to 67% normal sodium. 


pregnant cat uterus, it was possible to show in seven successful experiments 
(four with sucrose-Ringer and three with choline chloride — Ringer) that 
reduction of the external sodium concentrations in steps by 50% and by 
70-80% and finally by 100% did not decrease or increase the resting membrane 
potentials and only the final step affected the amplitude or rate of rise of the 
action potentials accompanying spontaneous contractions (see Fig. 6). Each 
successive reduction in the concentration of external sodium, usually was 
accompanied by prolonged contraction associated with repeated action poten- 
tials. With subsequent relaxation, intermittent spontaneous contractions 
were resumed. With the final step, to negligible external sodium concentra- 
tion, relaxation of the initial contraction was slow and subsequent contract- 
ility and electrical activity were reversibly impaired. However, no phase 
has been encountered in which action potentials occurred with decreased 
amplitude and rate of depolarization. Repolarization was speeded in low 
sodium solutions. Ultimate failure of electrical activity was accompanied by 
paralysis of the muscle so that large doses of stimulant drugs became ineffective. 

Using a proximal surface electrode of about 200 wu i.d., action potentials 
had the usual diphasic configuration (—“|-) and averaged 0.25 to 1.5 mv 
(Fig. 6). Eleven experiments with extracellular electrodes also have indi- 
cated that reductions to as low as one-ninth normal concentrations in external 
sodium did not effect the general configuration or duration (15-30 milliseconds) 
but usually increased the amplitude of the peak to peak deflection of action 
potentials recorded in this way (see Fig. 6). This increase was statistically 
significant for pregnant cat myometrium (4). It was most striking, however, 
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Fic. 7. Recordings of action potentials from pregnant cat uterus with two external 
electrodes at varying intervals. Peak to peak deflections have been retouched in some 
instances for clarity. Time intervals were all based on comparisons at the peak of the 
initial positive deflection (upward). At an interelectrode distance of 1.6 cm the conduc- 
tion rate was 9.0cm/sec. At 1.1 cm, it was 9.2 cm/sec. At this distance an instance is 
shown in which the action potential started between the electrodes and was only con- 
ducted past the lower one. At 0.85 cm interelectrode distance, the conduction rates 
were 9.2 cm/sec, and 17 cm/sec. The latter high value results from the origination of 
the activation between the electrodes, an increasingly common occurrence as the electrodes 
were brought closer together and acted as a mechanical stimulus. 


in uteri from non-pregnant estrogen-treated rabbit and guinea pig in which 
the action potentials in Krebs medium were very small. Using two such 
electrodes, typical action potentials were found to move at a rate of 9-12 
cm/sec in either direction along the long axis of the muscle cells of cat 
uterus for distances up to 2.0 cm before fractionation of potentials occurred 
(see Fig. 7). Furthermore, reduction of external sodium to one-ninth normal 
did not markedly alter differential times of appearance of action potentials 
at two such electrodes 1 cm apart (see Fig. 8). In another experiment, after 
20 minutes in pure sucrose—-Ringer the last conducted spontaneous action 


potentials observed at the two electrodes were conducted at a rate of 
6.7 cm/sec. 
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Fic. 8. Action potentials in pregnant cat uterus. In A and B action potentials were 
recorded in Krebs solution. In A, the tension (12 gm) was recorded at bottom and in B 
the activity at another electrode 1 cm distant. The conduction rate was calculated to be 
10cm/sec. C, D, and E were similar recordings taken 10, 20, and 30 minutes after Krebs 
solution was replaced with 2/3 choline-Ringer. The conduction rates varied from 12.9 
to 13.4 cm/sec. F was a recording taken 35 minutes after replacement of the bath solu- 
tion with 8/9 choline-Ringer and the conduction rate was 11.2 or 8.8 cm/sec dependent 
on which initial positive wave in the lower recording is used for calculation. 


TABLE III 


ELECTROLYTE DISTRIBUTION IN SOLUTIONS WITH VARIED SODIUM CONCENTRATION 














Composition of Composition of 
fluid environment, meq/I. tissue.* meq/kg 
Treatment Na Cl K Na Cl 

1. Control 1507 125t 4.2f 86.3 81.0 
“8/9 choline—-Ringer”’ for 15 min 14.0 145.0 5.6 a1.2 120.6 
2. See Fig. 6 control 150f 125t 4.2¢ 85.7 90.5 
“8/9 choline-Ringer” for 35 min 19.0 133.9 ee 16.7 112.2 

3. See Fig. 5 control 150t 125f 4.2t 86.4 82.0 
100% sucrose—Ringer for 30 min o.2 12.4 5.49 23.4 26.4 





*Tissue potassium concentrations were also measured and will be discussed elsewhere in comparison to values 
for other types of uteri (4) 
tAverage values for cat plasma (8). 
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Results of analyses of pieces exposed to low sodium concentrations which 
indicated that lack of equilibrium did not account for the persistence of the 
action potential are given in Table III, which summarizes the results of three 
typical experiments. The persistent sodium in the tissue was insufficient to 
explain the persistent action potentials and probably represents chemically 
bound sodium (8). The sodium content in the third experiment was as high 
as in the other two even though this piece was electrically inactive. 


Resting and Action Potentials in Rabbit Taenia Coli 

In rabbit taenia coli, resting potentials averaged 25 to 50 mv as in the cat 
uterus and likewise were incompatible with electrolyte data if free permeability 
and no binding were assumed (Table 1). In contrast to the latter, action 
potential spikes were only 5—20 mv in amplitude (see Fig. 9). They had the 
same configuration as reported in guinea pig taenia coli (2) except that they 
arose from a slow prolonged depolarization lasting 1000 to 1500 milliseconds 
which appeared to initiate contraction. These spikes were extremely sus- 
ceptible to drugs and were often obliterated by acetylcholine. 


ro - 








Fic. 9. A and B: action potentials and slow depolarizations in rabbit taenia coli. 
= contractions followed each slow electrical wave and action potential. Note that 
eit 


er single or multiple spikes originated from slow waves. 





Fic. 10. Action potential spikes and slow waves recorded with small external electrode 
from rabbit taenia coli. Positive spikes, such as these, are always obtained from taenia 
coli of rabbit and guinea pig with external electrodes small enough to record these action 
potentials. This suggests that the action potentials may not be conducted or be con- 
ducted only very short distances. 
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Fic. 11. Changes in resistance during action potentials in rabbit taenia coli. The 
sudden hyperpolarizations at the middle of the top record and one-quarter through the 
bottom record are movement artifacts occurring despite extremely high tensions employed 
to immobilize the tissue. Three hundred millivolts was applied across the grid leak and 
the total resistance was calculated to decrease from 45 meg before the slow wave and 
spike to 17 meg at the minimum. Approximately 10 meg was attributable to the 
microelectrode. Similar resistance changes were observed irrespective of the polarity 
of the applied potential, but did not occur despite the occurrence of contractions unless 
an electrical response including a spike occurred in the cell penetrated. 


When recorded extracellularly, these spikes were smaller (25-100 wv) but 
similar in configuration and likewise arose from a slow electrical wave (Fig. 10). 

Rabbit taenia coli spikes differed further from those of cat uterus in initiat- 
ing a gradual decrease in input resistance. Resistance reached minimum 
values 400 to 1000 milliseconds after the spike, during the slow wave of depolar- 
ization, and near the peak of tension (Fig. 11). 

Satisfactory analyses of the effects of reduction of external sodium have not 
yet been made in taenia coli, owing to the disappearance of spontaneous 
activity on exposure to sodium-poor media. 


Discussion 


Low Resting Membrane Potential 

In considering these results it is convenient to begin with the low membrane 
resting potentials. The first question to be answered is the validity of these 
potentials which are low in contrast to potentials of other muscles and excitable 
tissue (1, 12, 13). Indeed the small size of the smooth muscle cells and the 
difficulty in immobilizing them would tend to predispose toward their damage 
by the penetrating electrode. However, the following evidence argues against 
the possibility that damage to cells explains the low values observed. (a) The 
values obtained by various investigators in different tissues by different 
methods are in rough agreement; i.e. 35 to 60 mv (2,14,15). (b) No evidence 
has been seen of decay of potentials from an initial high value on penetrating 
the cells. (c) Decreasing the conductivity of the external medium by replac- 
ing sodium chloride with sucrose did not noticeably increase the values 
obtained, as demonstrated in Fig. 6. 


In addition it appears unlikely that the low values obtained were a result 


of recording in vitro in an artificial medium since similar values have been 
obtained in vivo (14). 
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The values might be increased slightly if account is taken of the junction 
potential between the cytoplasm and the Krebs solution and between the KCl 
solution of the electrode and the cytoplasm. However, the complete intra- 
cellular composition is not known and these potentials cannot be precisely 
determined. 


Finally tip potentials (16) do not appear to be capable of explaining the low 
resting potentials since there were no instances in which considerably larger 
resting potentials occurred (presumably as a result of absence of a tip potential) 
and there was rarely any evidence of a shift of the junction potential between 
electrode and medium on breaking the electrode. 


If a value of the resting potential is tentatively accepted as between 35 and 
60 mv, then the observed ionic distributions (Table II) were such that an 
increase in permeability to potassium selectively would increase the resting 
potential (assuming no binding and activity equivalent in the cellular water 
and in the medium) while an increase in sodium permeability would depolar- 
ize the cell membrane and possibly cause reversal of its potential. The effect of 
an increase in chloride permeability was not readily determinable because of 
the difficulty in deciding limits for its concentration gradient across the cell 
membrane. However, it seemed unlikely that an increase in permeability 
to this ion would result in a potential decrease (11). 


The Action Potential 
Depolarization 


The action potential of cat myometrium was a simple spike or a multiple 
spike in the fresh preparation untreated by drugs. Depolarization occurred 
at a maximum of 1-2 v/sec and the average amplitude was 35 mv. 

In heart and in squid axon (1, 17, 18) the sodium carrier system is inactivated 
by a prolonged reduction in the membrane potential. In view of the inacti- 
vating influence of reduced membrane potential on the sodium carrier system 
it would perhaps be surprising that these tissues were capable of initiating 
action potentials, but any action potential that did occur would be expected 
to show a very slow rate of depolarization such as was actually observed. If 
this slow rate of depolarization were a consequence of inactivation of the 
sodium carrier system by the low membrane potential, then smooth muscle 
cells would be continually poised on the threshold of electrical inexcitability. 
Slight further depolarization should cause complete inactivation of the sodium 
carrier system. A consequence would be that there might readily be failure 
of conduction of action potentials over long distances if intermediate areas 
were slightly depolarized. This was, in fact, observed, conduction of indi- 
vidual action potentials beyond 2-2.5 cm never having been found. In 
addition, spontaneous activity might occur both as a result of a spontaneous 
increase in membrane potential to a level permitting electrical excitability 
as well as the result of a spontaneous decrease leading to increase in per- 
meability. The sensitivity and stability of recording during the initiation of 
contraction was not sufficient to permit a final decision as to whether slight 
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depolarization or polarization initiated spontaneous contractions, but the fact 
that additional spikes sometimes followed a spike (Figs. 2 and 3) before com- 
pletion of repolarization suggests depolarization as the cause. In fact, in 
some records it was observed that a slow depolarization such as is obvious in 
taenia coli initiated spontaneous uterine action potentials and, in both, tissue 
sequences were observed in which the spike disappeared leaving a train of 
these slow changes. Fig. 6,C shows two examples of these slow potentials 
without spikes in the uterus. 

The effects of reduction of external sodium on external sodium, however, 
makes it difficult to maintain that depolarization is a result of an inward 
sodium current. Thus there was no appreciable alteration in rate of depolar- 
ization of the transmembrane potential or in the duration of the peak to peak 
deflection of the externally recorded action currents until less than 20 meq/ 
liter of sodium was present in external fluid. Furthermore the amplitude of 
the action potentials was unchanged and overshoot still occurred. 

It might be argued that the slow control rate of depolarization required a 
relatively small inward sodium current for its occurrence and that the sodium 
carrier system was largely inactivated by the low membrane potential and was 
supersaturated with sodium. If so, then, reduction of sodium concentration 
might have little effect on the quantity of carrier combined with sodium until 
very low levels of external sodium were attained. However, reduction in 
sodium might slow the rate of combination between sodium and the renewed 
carrier and thereby explain the slowing of the frequency of action potentials. 

Alternatively, it might be presumed that the sodium carrier was not in- 
activated by the low membrane potential, but because of it was unsaturated. 
Similarly under these circumstances, depending on the nature of the relation- 
ship between external sodium concentration and saturation of the sodium 
carrier, lowering of the external sodium concentration might have minimal 
effects on the rate of depolarization. 

Several lines of evidence lessen the possibility of unsaturation of the sodium 
carrier as an explanation of the relative independence of these action poten- 
tials and external sodium. (1) The amplitude of the action potential was not 
diminished and overshoot still occurred in low external sodium concentrations. 
(2) At intermediate levels of external sodium, the action potentials of tissues 
recorded externally were increased in amplitude: in guinea pig and rabbit 
uteri, these increases were remarkable (2-5 times) (5). Membrane reversal 
occurs only if most of the membrane current at peak depolarization is carried 
by sodium and if there is less sodium concentration internally than externally. 
Unless sodium were lost proportionately as rapidly from cells as from the 
external medium, these conditions could not be maintained both in Krebs 
solution and media with reduced sodium. The loss of sodium as rapidly from 
cells as from the external fluid seems extremely unlikely. In addition, it is 
very difficult to see how removal of external sodium could increase the ampli- 
tude of externally recorded action potentials by increasing synchrony or 
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degree of depolarization if unsaturation of the sodium carrier is responsible for 
the depolarization phase of smooth muscle action potentials. This question 
could probably be conclusively settled by the use of techniques which permit 
recording of action potentials during hyperpolarization of the membrane. 

If depolarization were the result of nonselective increase in permeability to 
all ions, a possibility consistent with the large concomitant resistance decrease, 
then only increased sodium permeability or increased permeability to a cellular 
anion could account for the depolarization. Alterations in external sodium 
would therefore be expected to influence the rate of depolarization in this 
circumstance as well. 

Another possibility is that the membrane loses its semipermeable character 
briefly and diffusion potentials of the various ions determine the level of 
depolarization. This possibility is difficult to exclude but would demand that 
on occasions these diffusion potentials have a net positive value. 

A final possibility is that there is a selective increase in outflow of a cellular 
anion. This could explain all the observations, but its consideration will be 
deferred until after a discussion of repolarization. 


Repolarization 

Repolarization could occur as a result of an outflow of potassium or an 
inflow of chloride or finally the pumping out of sodium. Evidence to be pre- 
sented in a future publication has been obtained that potassium outflow in- 
creases during the early phase of a contraction and similar evidence has been 
reported for taenia coli (19). This would suggest that potassium outflow is 
involved in repolarization. The present data do not permit a decision be- 
tween the possibilities that potassium outflow results from the decrease in the 
membrane potential or from an increase in potassium conductance through 
the membrane. Chloride movements do not appear to be involved since 
repolarization was not delayed in chloride-poor solutions (i.e. sucrose— 
Ringers). Sodium pumping cannot be excluded. 

In relation to repolarization, two other observations require consideration. 
First, the increased rate of repolarization in sodium-poor solutions, and second 
the increase in membrane resistance which accompanies it. The increased 
rate of repolarization might result from an effect of lowered sodium concentra- 
tion on potassium permeability (20) or from an increased effectiveness of 
sodium pumping and therefore excludes neither. The increase in resistance 
during recovery tends to exclude an increase in potassium permeability, but 
decreases in conductance of other ions through the membrane might mask the 
change in potassium conductance. Increase in membrane resistance might be 
expected as internal sodium was pumped out. 


Alterations in Intracellular Anion Flux 

The difficulties in explaining ion currents accompanying smooth muscle 
cell action potentials in terms of ions located chiefly externally make hypo- 
theses based on intracellular anions attractive. Thus if depolarization resulted 
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from an increase in the outflow of cellular anions and repolarization from an 
increase in the outflow of potassium or of hydrogen ion, there would be no 
incompatibility with the above data, except perhaps the recovery of resistance 
during repolarization. An increased outflow of intracellular anions could 
result from an increase in their conductance through the membrane or from 
an increase in their intracellular concentration, as a result of hydrolysis or 
glycolysis. Hydrolysis of organic phosphate or glycolysis to lactate can be 
suggested in candidate mechanisms. Examination of flux of inorganic 
phosphate or lactate during contractions and relaxation and study of changes 
in intracellular phosphate fractions should provide a means of testing this 
hypothesis in part. The loss of intracellular anions would result in an excess 
(relative to the resting membrane state) of intracellular cations (e.g. potas- 
sium). The secondary outflow of intracellular cation could rectify this 
imbalance. The changes in membrane resistance noted during the action 
potentials might result from changes in the concentrations of ions inside the 
cell which could penetrate the membrane as well as from changes in its 
conductivity. Spontaneous contractions would occur only when sufficient 
intracellular anions were available or potentially available and might be limited 
by depletion of these ions or their precursors. The occurrence, after exposure 
to the cold, of action potentials in which each subsequent depolarization was 
slower and smaller (Fig. 3) would be explainable in terms of diminished phos- 
phate ester concentrations or rate of hydrolysis. Clearly, a great deal remains 
to be learned before a working hypothesis for all these data can be derived. 


Specifically, further information as to the ion fluxes (Na, K, Cl, and intra- 
cellular anions) during periods of repetitive action potentials as compared to 
periods of inactivity will be required. Studies must be undertaken to deter- 
mine the extent of potassium binding in order to determine accurately the 
equilibrium potential and mechanism of distribution for this ion. The effects 
of variations of external potassium on resting potential must be examined. 
With regard to this last information, repeated attempts to obliterate the 
membrane potential by using a potassium Krebs solution or simple isotonic 
potassium sulphate have always resulted in failure, and potentials of about 
30 mv have been invariably recorded in several types of smooth muscle. 
However, further studies by addition of potassium (12) also will be required 
before definite conclusions can be reached. 


Despite our inability to synthesize all these data into a working hypothesis 
it is readily apparent that none of the current hypotheses will suffice to explain 
membrane potential changes in smooth muscle without serious modification 
and that there are differences in the mechanisms operative in various types 
of smooth muscle. The similarity between some of these results and some of 
those in invertebrate muscles (crustacean (21) and insect (22)) suggest that 
smooth mammalian muscles may have properties similar to those of lower 
phylogenetic forms. 
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EFFECT OF POSTERIOR PITUITARY EXTRACT 
ON THE DEVELOPMENT OF POSTHISTAMINIC 
GASTRIC ULCERS IN DOGS! 


K. KowaLewskI, R. K. Lyon, G. E. EDwWARDs, AND T. K. SHNITKA 


Abstract 


Prolonged treatment of dogs with histamine resulted in acute and chronic 
ulceration in Heidenhain gastric pouches in all animals under investigation. 
Only 16% of dogs given histamine and pitressin developed chronic mucosal 
lesions in pouches. Gastric acidity and secretion were high and of comparable 
magnitude in both groups of dogs. 

These findings suggest that the vascular component of the gastric response 
to histamine is more important than the secretory component in the etiology of 
histamine ulcers. 

Detailed gross and microscopical study of mucosal lesions was performed. 


Introduction 


Various methods of experimental production of ulcerative lesions in gastric 
mucosa by administration of histamine were reviewed recently by Lambert (1). 

Notwithstanding an extensive literature on this subject, the mechanism of 
posthistaminic ulcer formation remains uncertain. Most previous workers 
have emphasized that the major factor responsible for the histamine ulcers 
is the constant secretion of gastric juice of very high acidity (2). On the other 
hand a vascular factor has been considered as a possible essential cause of 
these lesions (3, 4, 5, 6). 

Roulet (3) has described in detail a spasm of arterioles followed by dilatation 
and paralysis of capillaries in the gastric wall after the administration of hista- 
mine. Dale and Laidlaw (7) have noted an extreme dilatation of splanchnic 
vessels under similar circumstances. The loss of tone by capillaries, the slow- 
ness of the circulation, and excessive permeability of vessels are only a few 
of the components of the well-known posthistaminic vascular reaction which 
undoubtedly contribute to the stagnant anoxia of tissues under these conditions. 

Further evidence of the importance of a vascular factor in the posthistamine 
reaction of gastrointestinal tract was given by the studies on the parallelism 
between the cutaneous vascular and the gastric secretory reaction (8, 9). 
These studies indicated that the posthistaminic vascular response may be 
neutralized by the injection of posterior pituitary extract in human subjects 
or experimental animals. 

The status of posterior pituitary extract as a vasoconstrictor agent is well 
known and its importance in the study of vascular reactions well established. 
Pitressin itself has been used as an ulcer-producing substance in the experi- 
ments of Dodds et al. (10) and Nedzel (11). They provoked gastric lesions in 

1Manuscript received April 29, 1958. 
Contribution from the McEachern Cancer Research Laboratory and Department of Surgery, 


University of Alberta, Edmonton, Alberta. Presented at the Annual Meeting of The Royal 
College of Physicians and Surgeons of Canada, October, 1957. 


Can. J. Biochem. Physiol. 36 (1958) 
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various animals after prolonged treatment with this hormone. These lesions 
were considered to be the result of vascular spasm in the stomach wall, suf- 
ficiently prolonged to injure the parenchymal cells. 

Since both histamine and posterior pituitary extract produce ulcers and there 
is a great deal of evidence that both substances provoke vascular changes in 
gastric wall, it seemed interesting to investigate the simultaneous action of 
these two factors in experimental animals. Thus if persistent vasodilatation 
and capillary stasis follow treatment with histamine and if persistent vasospasm 
follows the administration of pitressin under certain experimental conditions, 
it would seem likely that the two substances when given simultaneously might 
be antagonistic. This hypothesis was borne out by previous findings in acute 
experiments performed on guinea pigs where it was shown that when posterior 
pituitary extract was injected before the administration of a dose of histamine 
normally causing gastric ulcer formation, these did not appear despite the 
secretion of a very acid gastric juice (5, 6). 

The present work is an attempt to reinvestigate this problem in a long term 
experiment carried out in dogs. Heidenhain gastric pouches were fashioned 
surgically in all animals in order to facilitate the collection of gastric secretions 
under various experimental conditions. It was assumed that the secretory 
reaction of the Heidenhain pouch indicates accurately the response of the 
parietal cells to humoral stimulants. A group of animals was treated over a 
fairly long interval with histamine and another group received both histamine 
and pitressin. An attempt was made to correlate gross and microscopic lesions 
with pouch secretions in each instance. 


Experimental 

Preparation of Animals 

Well nourished mongrel dogs ranging from 20 to 35 kg in weight were used. 
After a fasting period of 24 hours the animals were anesthetized with sodium 
pentobarbital (30 mg per kg of body weight). Extra large Heidenhain pouches 
were constructed by detaching approximately 50% of the stomach. The line 
of division passed along the great curvature from the antrum to the fundus 
leaving a tubular portion of stomach with all of the lesser curvature in con- 
tinuity with the reconstructed gastrointestinal tract. A solid-flanged cannula 
was introduced into the pouch at the most dependent portion of the great 
curvature. The pouch was then attached to the anterior parietal peritoneum 
and the cannula was brought out through a separate stab wound in the ab- 
dominal wall. 


Treatment 

All animals were allowed to recover for two weeks following surgery. Six- 
hour fasting specimens were then collected in plastic bottles attached to the 
cannula. The collection regime started in the morning and ended six hours 
later when the animals were fed. Each day the dogs received one can of 
Perky Dog Food containing one teaspoon of salt and one can of evaporated 
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Alpha milk. Water was allowed as desired. During a 2-week period pre- 
ceding the treatment, daily specimens of secretion were collected to establish 
a base line. 

The dogs were divided into two experimental groups. Those in Group I 
received daily intramuscular injections of 7 to 9 mg of histamine dihydro- 
chloride (Roche). This was dissolved in beeswax and mineral oil according to 
the method described by Hay et al. (2). Animals in Group II received the 
same injection of histamine and in addition a separate injection of pitressin in 
oil (Parke, Davis), 10 pressor units intramuscularly daily. Injections were 
given into gluteal regions at the same time each morning whereupon collec- 
tions of pouch secretions were started and carried out for a 6-hour period. 
Water was allowed as desired throughout the collection period. 

During the experiment animals were carefully observed for evidence of 
electrolyte imbalance. Plasma sodium, potassium, and chloride were deter- 
mined once or twice weekly in all instances. Daily estimations of these 
electrolytes were carried out in animals which showed clinical evidence of 
listlessness, lethargy, and anorexia. Corrective electrolyte therapy was given 
intravenously when indicated. 


Evaluation of Results 


Clinically it was noted that dogs of Group I became anorexic, listless, and 
lethargic in 2 to 17 days from the onset of histamine injections. Gross hemor- 
rhage from the Heidenhain pouches occurred in this period in all animals. 
Electrolyte imbalance was common but was corrected according to plasma 
levels. The dogs were killed after 3 to 4 days if gross hemorrhage occurred 
and also if they became severely ill. 

The dogs in Group II generally remained healthy and frequently had vor- 
acious appetites. Bleeding was noted but was neither profuse nor constant. 
The animals in this group were killed at arbitrary times after the beginning 
of treatment. It cannot be stated, therefore, how long these animals might 
have tolerated the combined histamine—pitressin therapy. 

In both groups of dogs the Heidenhain pouches and remaining portions of 
stomach and duodenum were carefully examined im situ while the animals 
were under deep anesthesia. The specimens were then dissected free and 
fixed in 10% buffered formalin for histologic study. 

In several supplementary acute experiments, dogs were injected intra- 
venously with histamine or pitressin and with both preparations simultaneously. 
The immediate effects of these substances on previously exteriorized gastric 
mucosa were observed in situ and photographed in color. 


Chemical Determinations 

The sodium and potassium concentrations in serum and gastric juice were 
measured with a Baird flame photometer; the chloride concentrations were 
determined by the method of Schales and Schales (12) while free acid of the 
gastric juice was titrated with 0.1 normal sodium hydroxide using Toepfer’s 
reagent as an indicator. 
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Fic. 1. Volume and free HCI of fasting juice collected from the pouch during 6-hour 
periods. Average values of daily collections for duration of treatment. Secretion 
pattern correlated with chronic mucosal lesions. 


Results 
Gastric Secretion 
As indicated in Fig. 1, there was no significant difference in the volume or 
acidity of gastric secretion between animals from Groups I and II. It is, 
therefore, apparent that the injection of posterior pituitary extract did not 
block the histamine-induced secretion of gastric juice. 


Mucosal Lesions 

Detailed review of dosage of drugs, duration of treatment, and observed 
macroscopical lesions is givenin Table. All histamine-treated dogs developed 
gastric lesions described by the pathologist as chronic ulcers. Three dogs in 
this group died from perforation of pouch ulcer (27%). 

In the group of dogs receiving both histamine and pitressin, only two 
animals showed similar ulcers (16%). Bleeding occurred in all dogs presenting 
pouch ulcers. 


Gross Findings 

At laparotomy two types of gastric mucosal lesions were evident. 

The first type consisted of small punctate superficial erosions which were 
located at the summits of rugae both in the Heidenhain pouches and in remain- 
ing portions of stomach. These occurred only in the animals treated with 
histamine alone (Group I) and were apparently related to the immediately 
previous injection of the drug. 

Chronic ulcers comprising the second type of lesion were observed in all 
animals treated with histamine alone. These were located beneath the 
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TABLE I 


EFFECT OF DAILY INJECTION OF HISTAMINE ALONE OR HISTAMINE WITH 
PITRESSIN ON THE ACIDITY OF SECRETION AND ON THE PRODUCTION 
OF ULCERS IN GASTRIC POUCH 











Duration of Histamine Pitressin HCl, Bleeding 
treatment, total dose, total dose, meq.* into the Chronic 
Dog days mg i.u. Av. SD. pouch ulcer 
1 19 133 - 18.8+ 3.9 + + 
F 22 154 - 16.3+ 4.4 + +t 
3 14 91 - 16.9% 2.1 + +f 
4 21 147 - 16.8+ 7.3 + +T 
5 19 133 - 16.9+ 4.8 + + 
6 15 105 - 6.8+ 2.2 + + 
7 19 133 - 30.4+10.5 + + 
8 30 210 - 9.32 6.3 + + 
9 5 35 - 8.5% 3.0 + + 
10 17 119 - 19.2+ 7.7 + + 
11 20 140 - 35.2+16.0 + + 
12 52 350 500 14.8+ 5.8 - — 
13 50 350 500 18.4+ 6.8 _ - 
14 36 252 360 18.9+ 6.0 - - 
15 50 350 500 17.2+ 3.8 - - 
16 52 252 360 44.7 1.9 — — 
17 50 350 500 35.0+10.8 _ - 
18 42 294 420 33.1+420.7 — — 
19 42 294 420 12.7+ 4.7 _ - 
20 42 294 420 6.92 2.1 - - 
21 50 350 500 13.5+ 4.1 + + 
22 50 350 500 16.4+ 5.3 + + 
23 46 322 460 9.te 2.7 — _ 





*Free HCI of fasting juice collected from the pouch during 6-hour periods. Average and S.D. of daily collection 
for duration of treatment. 


tPerforated ulcers. 


flange of the cannula draining the dependent portion of the Heidenhain pouch 
and were consequently of crescentic or circular outline. They displayed the 
typical gross features of chronic ulcers, i.e. overhanging mucosa, a sharp margin, 
penetration through the muscular coats of the stomach with extension to the 
serosa, and perforation in three instances. Because of their relation to the 
cannula these lesions were labelled as ‘‘pressure ulcers’. In addition there was 
marked thickening of the gastric wall in the same region owing to fibrosis and 
inflammatory reaction. The floors of the ulcers were friable and covered with 
hemorrhagic and necrotic debris. Eroded arteries could be seen on occasion. 

In the group of animals (Group II) receiving both histamine and pitressin, 
only two animals showed chronic ulcers in the region of the cannula of the 
type described above. It should be noted, however, that these lesions were of 
much longer duration than those in Group I. Remaining portions of ‘gastric 
mucosa both in the Heidenhain pouch and stomach and remaining portion of 
the gastrointestinal tract were not remarkable. 

In addition, all animals from the supplementary acute experiments displayed 
at the time of killing: 

(a) Marked congestion following histamine alone. 

(6) Ischemia with mucosal pallor following pitressin alone. 
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(c) An intermediate hue when both histamine and pitressin were admin- 
istered simultaneously. (The doses of these drugs administered intravenously 
corresponded to the daily doses used in the main body of the experiment.) 


Histopathology 

Morphologically the acute ulcers in the histamine group featured focal areas 
of edema of the lamina propria combined with superficial mucosal necrosis 
and laking of red cells in small blood vessels. There was usually no evidence 
of inflammatory infiltrate in the area. Undoubtedly all these lesions went on 
to healing since there were no chronic gastric ulcers except in the region of the 
flange of the cannula. 

The chronic cannula ulcers from both Groups I and II were essentially 
similar in microscopic appearance notwithstanding some variations in cir- 
cumference and depth. Four zones were always present: 

(a) A superficial layer of fibrinopurulent exudate. 

(6) A well defined narrow zone of fibrinoid necrosis. 

(c) A granulation tissue zone partly covered by regenerating epithelium and 
densely infiltrated by lymphocytes, eosinophiles, granulocytes, and plasma 
cells. 

(d) A cicatricial zone, composed of dense fibrous tissue with abundant 
collagen filling the gap between the severed ends of muscle layers and forming 
a barrier against perforation. Blood vessels on the floor of the ulcer frequently 
showed evidence of obliterative endarteritis but this could not be related to 
previous drug therapy. 

It has been claimed by Tongen ef a/. (13) that prolonged stimulation with 
histamine causes hyperplasia of the parietal cells in experimental animals. 
This effect was noted in a variable degree in animals from Groups I and II of 
the present experiment. In the supplementary acute experiments, wherein 
dogs were injected intravenously with histamine or pitressin and with both 
preparations simultaneously, the degree of capillary and venous congestion 
noted histologically conformed to that observed at the time of laparotomy. 


Comment 


Under the conditions of the present experiment three interrelated factors 
appear to be of importance in the production of chronic ulcers. These are: 

(a) Gastric secretion and acidity. 

(6) The condition of the blood supply to the mucosa. 

(c) The effects of mechanical pressure at the site of the cannula draining the 
Heidenhain pouch. 

Gastric acidity and secretion were significantly increased and of comparable 
magnitude in animals from Groups I and II. Hypersecretion of gastric acid 
and local mechanical pressure do not necessarily produce lesions by themselves, 
under the experimental conditions described. Nevertheless they clearly act 
as significant additive factors, when vascular stasis due to histamine is present. 
Thus when the vascular effect of histamine on mucosal vessels, characterized 
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by vasodilatation and stasis, was neutralized by the administration of posterior 
pituitary extract in Group II, the hypersecretion of acid gastric juice did not 
result in mucosal ulceration except in a small proportion of animals. The 
supplementary acute experiments with intravenously administered histamine 
and pitressin furnished some additional evidence to indicate that these drugs 
are indeed capable of significantly affecting the tone of the gastric vascular bed. 

The possibility should be considered that the normal function and normal 
nutrition of gastric walls depend directly on the state and behavior of the blood 
vessels. When this vascular mechanism fails, the presence of gastric juice, 
which normally does not show any abnormal erosive tendency, will contribute 
to the destruction of mucosa (6, 14). 

In conclusion, the results of the present experiment support the concept that 
the angiotoxic effects of histamine are more important in the etiology of gastric 
lesions than the posthistaminic hyperacidity and hypersecretion. 
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STUDIES ON WHEAT PLANTS USING C* COMPOUNDS 


VIII. FORMATION OF AMYLOSE AND AMYLOPECTIN IN THE 
WHEAT KERNEL! 


W. B. McConneLL, A. K. MitrA,? AND A. S. PERLIN 


Abstract 


Tracer techniques have been used to examine the pattern by which the straight- 
chain and branched components of wheat starch are laid down in the maturing 
kernel. The starches were isolated from kernels of wheat plants to which had 
been administered glucose-1-C“, acetate-1-C™, or acetate-2-C™ at different 
periods of active growth under field conditions.. Fractionation of the starches 
gave amylose and amylopectin and, in addition, a minor fraction of amylopectin, 
all labelled with carbon-14. Notable differences were found in the specific activity 
of these starch fractions, and in the distribution of carbon-14 within the mono- 
meric units of samples labelled via glucose-1-C. These findings indicate that the 
process of starch deposition in the kernel is not extensively reversible. Amy- 
lopectin appears to be formed from amylose, in agreement with current views, and 
it is suggested that the minor amylopectin component is an intermediate in this 
conversion process. 


Introduction 


The starch granule is composed of two types of D-glucopyranose poly- 
saccharides—amylose, a linear polymer, and amylopectin, which is highly 
branched. These differences in chemical structure between amylose and amy- 
lopectin result in markedly different physical properties, the combined quality 
of which determines the usefulness of starches for technological purposes. 
In some instances, one or other of the starch fractions may, individually, be 
most suitable; for example, the amylose, being analogous to cellulose, which 
also is a linear polymer, yields derivatives having good film-forming prop- 
erties. Much attention in the field of starch chemistry, therefore, has been 
centered on the fractionation of starch, and a variety of chemical and physical 
procedures have been devised to yield the separated components (1, 2). 
In addition, however, hybrids of plants grown commercially for starch 
have been developed which contain an enhanced proportion of one of the 
fractions. Most notable of these is waxy corn, which contains virtually only 
amylopectin. Starch composed exclusively of amylose is not as yet available, 
but “high amylose’ starches have been reported (3, 4, 5). Wheat starches 
corresponding to waxy or high-amylose starch have not been produced. The 
present study, therefore, examines the biogenesis of starch in the wheat plant 
as a possible contribution to the future development of wheat varieties which 
afford starches of homogeneous character. 

Current views on the biosynthesis of starch, based largely on enzymic 
studies in vitro, suggest that amylose is synthesized via the phosphorylase 

1Manuscript received in original form October 17, 1957, and, as revised, April 26, 1958. 

Contribution from the National Research Council of Canada, Prairie Regional Laboratory, 
Saskatoon, Saskatchewan. Presented in part at the 40th Annual Conference of the Chemical 
Institute of Canada, Vancouver, B.C., June, 1957. 


Issued as N.R.C. No. 4859. 
2National Research Council of Canada Postdoctorate Fellow, 1956-58. 
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system or by transglycosidation and that amylopectin is formed subsequently 
from amylose by breakdown and resynthesis (6, 7, 8,9, 10). This problem is 
now being studied by examining the deposition of the starch fractions during 
formation of the wheat kernel under field conditions. Analyses carried out 
on starches at different stages of grain development had shown that small 
fluctuations occur in the ratio of amylose to amylopectin in wheat (11), corn 
(12, 13), and barley (14), immature starches having relatively more amylo- 
pectin than mature starches. Measurements of this kind, however, provide 
little information about the possibility that an interconversion of linear to 
branched polymer occurs during starch formation. It appeared more feasible 
to examine such an interrelationship if the starch fractions could be labelled 
with tracers so as to reflect their mode of synthesis. Earlier experiments 
in the laboratory on protein biosynthesis (15, 16), using carbon-14 as a tracer, 
had indicated that reserve proteins remain largely unchanged once they 
have been deposited in the kernel. In the current experiments C'*-labelled 
compounds were administered to wheat plants during the growing season as 
described earlier (16), the plants were harvested at maturity and the starches 
isolated. If the processes concerned are not extensively reversible, by analogy 
with protein synthesis, it is to be expected that amylose and amylopectin 
laid down after injection of tracer should possess activities indicative of 
whether or not the fractions are synthesized by closely interrelated path- 
ways, or entirely independently. The results obtained indicate that these 
aspects of starch biosynthesis may be studied satisfactorily by the experi- 
mental method selected. 


Materials and Methods 


Isolation of Starches and Starch Fractions 

The radioactive kernels from which the starches were derived were ob- 
tained by harvesting at maturity Thatcher wheat plants injected with 
glucose-1-C'* (1957 season), or acetate-1-C™ or-2-C™ (1956 season) at different 
periods during growth, the techniques used having been described elsewhere 
(16). The first tracer injection was made at approximately the late milk 
stage and the last, at approximately the late dough stage. The starches, 
isolated as described elsewhere (16), had the following specific activities 
(muc/millimole carbon dioxide); from plants fed at 67, 73, and 79 days, 
respectively, with glucose-1-C'*—151, 209, and 246; at 74, 77, 82, and 90 days, 
respectively, with acetate-1-C'—53, 57, 61, and 53; and with acetate-2-C™ 
—49, 58, 53, and 44. 

The starches were fractionated by a slight modification (17) of the pro- 
cedure of Schoch et a/. (18) giving, for each, amylose (fraction A) and amy- 
lopectin (fraction B). In addition to these two components a small additional 
fraction of material (fraction C), having the properties of amylopectin (17) 
but more soluble than the main amylopectin fraction, was obtained from 
each starch, its yield varying with the sample (17). 
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Distribution of Tracer in D-Glucose Units 


The distribution of carbon-14 in carbons-1 and -6 of D-glucose obtained 
from starch fractions was estimated as follows: 


Amylose (or amylopectin) (0.2 g), suspended in 0.5 N sulphuric acid 
(10 ml), was heated in a sealed tube on the steam bath for 18 hours. The 
solution was neutralized with barium carbonate and clarified with charcoal, 
inactive D-glucose (180 mg) was added, and the solution was concentrated to 
give a syrup. The latter was taken up in methanol and crystallization of 
D-glucose (yield, 330-350 mg) promoted by addition of ethanol. 

Carbon-6.—pv-Glucose (45 mg) was oxidized with excess sodium periodate 
and the formaldehyde (carbon-6) produced isolated as the dimedon deriv- 
ative (yield, 95%), according to the procedure of Bell (19). The specific 
activity of the formaldehyde dimedon X 17 gave the specific activity of 
carbon-6. 


Carbon-1.—v-Glucose (30 mg), in water (2 ml), was reduced with sodium 
borohydride (25 mg) in water (2 ml) (20). Amberlite I[R-120 was used to 
remove sodium ions, and methanol to remove boric acid as volatile methyl 
borate. The sorbitol was not isolated but was oxidized with periodate and the 
formaldehyde (carbons-1 and -6) produced was isolated, as noted above 
(yield, 90%). The specific activity of the formaldehyde dimedon X 17 


gave the specific activity of carbons-1 and -6 combined, and that of carbon-1 
was obtained by difference. 


Determination of Specific Activity 
Samples of the starches, starch fractions, and derived products were com- 
busted and the specific activity of the carbon dioxide liberated was measured 


by the procedure of Buchanan and Nakao (21). Reproducibility of the 
measurements was about +3%. 


Results and Discussion 


The specific activities of the starch fractions are found to differ markedly 
(Figs. 1 and 2) and depend on the stage of plant growth at which tracer is 
fed. Glucose-1-C™ is a far superior precursor of starch than is acetate-C", 
but the results for all three tracers closely parallel each other. The data 
obtained for starches labelled via acetate-1-C™ and -2-C* are almost identical, 
perhaps because acetate furnishes its carbon indirectly (16), possibly as carbon 
dioxide. 

As noted above, the experiments involve large time-lapses (1 to 2 months) 
between the administration of carbon-14 and the recovery of products, i.e., 
much longer than is usually employed in in vivo tracer studies on polysac- 
charides (10) (compare with cellulose biosynthesis (22, 23, 24) ). However, 
the data show that carbon-14 is far from uniformly distributed throughout 
the starch granule during these long periods in the plant, and that its distri- 
bution follows a reproducible behavior pattern. Further, the D-glucose units 
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Fic. 1. Specific activity of starch-C™ fractions isolated from mature wheat plants 


injected with glucose-1-C at 67, 73, and 79 days, respectively, after seeding; amylose (A), 
main amylopectin fraction (B), minor amylopectin fraction (C). Crop year 1957. 
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_ Fic. 2. Specific activity of starch-C™ fractions isolated from mature wheat plants 
injected with acetate-1- or -2-C“ at 74, 77, 82, and 90 days, respectively, after seeding; 
a main amylopectin fraction (B), minor amylopectin fraction (C). Crop 
year 1956. 


in amylose labelled via glucose-1-C™ (79 days, Fig. 1) have 65% of the total 
activity in carbon-1 and 25% in carbon-6. In the related amylopectin B 
fraction carbon-1 has 58% and carbon-6, 24% of the activity. These results 
indicate that the recycling of starch-C™ during a 40-day period in the plant 
is only slightly greater than that found with the wheat cellulose after a period 
of 5 hours (23), the corresponding data for the cellulose being 80% in carbon-1 
and 10% in carbon-6. It is clear, therefore, that the process by which starch 
is deposited in the kernel is only partially reversible and that. the tracer is not 
subject to extensive metabolic turnover after it is incorporated into the 
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TABLE I 


RATIO OF THE C' CONTENT OF AMYLOPECTIN (B) TO THAT OF AMYLOSE (A) 




















Glucose-1-C™ Acetate-1-C™ 
C* contentf C* contentt 
Ratio, Ratio, 
Time (days)* B A B/A Time (days)* B A B/A 
67 119 31 3.8 74 37 14 2.6 
73 115 72 1.6 77 39 17 a 
79 116 94 1.2 82 36 20 1.8 
90 24 19 1.3 





*No. of days tracer injected after seeding. 

tThe proportion of the total radioactivity found in each fraction, given by: specific activity X percentage of 
starch comprised by the fraction. The amylose fraction averaged 30% of the starches and amylopectin, 61 % (17). 
Corresponding data for the specific activity of the whole starches are 151, 209, and 246 at 67, 73, and 79 days, 
respectively. The discrepancy between these latter values and the corresponding values of B+ A is accounted for 
largely by the activity of fraction C. 


starch or its precursors.* Hence, the differences in specific activity between 
the various fractions must reflect variations in biosynthetic rates at, or close 
to, the time of tracer injection. 


The results suggest that amylose (A) and amylopectin (B) are not formed 
by independent routes. By comparing the total activity of the two fractions 
(Table I) ratios are obtained which range from 3.8 to 1.2 for glucose-1-C™, and 
from 2.6 to 1.3 for acetate-1-C™ (acetate-2-C™ gives approximately the same 
data). If A and B were to be synthesized independently from a common 
pool of hexosephosphate, the amylopectin would have to be formed at perhaps 
3.8 times the rate for amylose at 67 days, and at 1.2 times the rate for amylose 
at 79 days (Table I), a threefold variation. The ratio of these two fractions in 
wheat starch is known, however, to vary by only about 20-25% throughout 
the growing season (11). Therefore, the quantity of labelled hexose incor- 
porated by the two fractions, independently, should always correspond to the 
ratio of the fractions themselves, i.e., to a slightly varying ratio of about 2.0. 
Because of the wide discrepancy between this theoretical value and those 
obtained experimentally it appears unlikely that A and B are synthesized 
entirely by independent routes. 


The view that amylopectin is formed from amylose (6, 7, 8) (Fig. 3) finds 
support in the current data. Tracer fed at early stages gives amylose of specific 
activity lower than, or about equal to, the activity of the major amylopectin 
(B), but as the season progresses the relative activity of the latter falls notice- 
ably (Figs. 1 and 2). If tracer is injected at an early stage, e.g. 70 days, the 
amylose synthesized at that time incorporates carbon-14 but, over the sub- 
stantial period remaining, loses much of it to amylopectin as further synthesis 

*The long sojourn of labelled starch in the kernel appears to affect the results to no more than 
a small degree. It may be noted, however, that carbon-14 in the starch is always diluted by 
inactive starch formed either before or after the tracer has been introduced into the plant. 


Nonetheless, because all fractions are obtained from mature kernel starch (in which their 
proportions vary little) direct comparisons between their specific activities may be made. 








990 CANADIAN JOURNAL OF BIOCHEMISTRY AND PHYSIOLOGY. VOL. 36, 1958 
Glucose-1-phosphate 
rs 


Phosphorylase 





A / 
Amylose (A) 





[Amylopectin C] Amylopectin B 


enzyme 


Fic. 3. The enzymic synthesis of amylose and amylopectin B (8, 9); “amylopectin C”’ 
is not referred to in these references. 


and interconversion proceed. When maturity is reached most of the carbon- 
14 originally in amylose then appears in amylopectin (Table I). At a later 
stage, e.g. 90 days, much of the amylose and amylopectin has already been 
formed, and the amount of the former converted to the latter will be corres- 
pondingly less. Because of this, and the dilution of the amylose activity by 
a large proportion of inactive material already present, a smaller quantity of 
carbon-14 is transferred to amylopectin in the short period until the plant 
ripens (Table I). 

The formation of amylopectin in wheat does not appear to be a single 
process. Two readily separable amylopectins (B and C) are formed in the 
granule (and B has been subfractionated further (17)), and large differences in 
specific activity are found among the various materials. The specific activity 
of amylopectin C is always strikingly similar to that of amylose indicating 
that these two fractions are closely associated. Accordingly, fraction C might 
be formed directly from amylose as an amylopectin-type intermediate which 
has not as yet assumed all of the characteristics of B (Fig. 3), accumulating 
possibly as the ratio of amylose to amylopectin B increases (11) and inter- 
conversion becomes relatively less important. Since amylopectin C would 
then represent a direct conversion product from amylose the specific activity 
of the two should be approximately the same. This role for amylopectin C 
agrees with its presence in the granule as a minor component of varying 
proportion. 


The foregoing discussion simplifies the many possibilities which could be 
concerned with starch synthesis. Two schemes have been considered: one 
in which amylose and amylopectin are synthesized independently, and the 
other in which amylopectin is derived from amylose. The second possibility 
is supported by the data obtained, but not the first. However, other variations 
as well as combinations of these two types may be involved (9). Whelan (9) 
envisages the synthesis of amylose by phosphorylase or by D-enzyme and of 
amylopectin by Q- and D-enzyme together, the two systems being separated 
by a semipermeable membrane but drawing upon a common reservoir of 
glucose-1-phosphate plus maltodextrin primers. A different scheme (25), 
based on the properties of statistical branched polymers (26), proposes that 
glycogen is formed from hexosephosphate and is converted in turn to a mix- 
ture of amylose and amylopectin. These schemes may be regarded as modi- 
fied pathways for A—B interconversion, for it is thought that amylose is 
synthesized reversibly but amylopectin irreversibly (8, 9). In effect then, 
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C-labelled material could be transferred from A to B by either mechanism, 
in accord with the radioactivity data. Because of the preliminary nature of 


the present study, however, detailed considerations of all these possibilities 
must be deferred. 
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